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METABOLISM IN DIABETES.* 


GRAHAM LUSK. 
NEW YORK, 


In my student days in Germany during the winter semester of 1898, 
‘I visited the laboratory of the botanical garden of Munich to call on 
Oscar Loew, who had some time before been assistant to Dr. R. Ogden 
Doremus in the City College of New York. Loew showed me how he 
was passing the vapor of methyl-aleohol (CH,CH) over hot oxidized 
wire gauze and collecting a product in water which was formaldehyd 
(CH,O). This he shook with milk of lime and obtained, after further 
treatment, a syrup which was as sweet as sugar and which represented 
the condensation of six molecules of formaldehyd into one of sugar. 
This artificially prepared syrup gave many reactions for sugar, but did 
not rotate polarized light nor was Loew able to crystallize it. At the time 
I had been preparing levulose in Voit’s Munich laboratory. I told Loew 
of the difficulties of the crystallization of levulose, and that my levulose 
syrup would crystallize only when crystals themselves were added, and 
at his request I sent him some of mine. But, alas, the effort was futile. 
I can never forget the alternate enthusiasm and despair with which he 
tried to discover the hidden secret of his precious syrup. About this 
same time Emil Fischer showed that the substance which Loew had in 
his hands consisted of that kind of levulose which is optically inactive, 
being a mixture of right and left levulose, and Fischer indicated how 
levulose could be transformed into dextrose. 

The changes described are according to the following formulas: 


H H 
| 
H—C—OH + 0 = C=0 + H,0 
| 
H 
Methyl-alcohol. Formaldehyd. 
COH 
H—C—OH 
OH—C—H 
| 
6 = H—C—OH 
H—C—OH 
| 
CH,OH 
Formaldehyd. Dextrose. 


“Lecture delivered before the Harvey Society of New York, Nov. 21, 1908, 
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2 METABOLISM IN DIABETES 


The triumphs of pure chemistry are leading nearer and nearer to a 
more perfect critique of the processes underlying biologic phenomena. 
Long ago Baeyer suggested that the formation of sugar in the leaf was 
through a condensation of formaldehyd molecules into dextrose and this 
year Grube' has shown that formaldehyd perfused through the liver of 
a tortoise is converted into glycogen. 

Thus the laboratory may throw a vivid light on questions of funda- 
mental significance in the biologic world. It is from the laboratory 
standpoint that I wish to direct attention to the diseased condition 
known as diabetes. Some may question the right of a laboratory man, a 
physiologist, to present to medical men a scientific discussion of a dis- 
eased condition. In defense I can only quote to you the stirring words 
of Magendie written in Paris as long ago as 1836 as an introductory to 
his “Elements of Physiology,” a copy of which I inherited from my 
father’s library. Magendie said: “In a few years physiology, which is 
already allied with the physical sciences, will not be able to advance one 
particle without their aid. Physiology will acquire the same rigor of 
method, the same precision of language and the same exactitude of result 
as characterize the physical sciences. Medicine, which is nothing more 
than the physiology of the sick man, will not delay to follow in the same 
direction and to reach the same dignity. Then all those false interpreta- 
tions which, as food for the weakest minds, have so long disfigured medi- 
cine, will disappear.” ‘ 

Let us, then, inquire into the pathologic physiology of the man sick 
with diabetes. 

Diabetes mellitus is a condition in which the power to burn sugar 
within the organism is partly or completely destroyed. This condition 
is not to be confounded with that of glycosuria, which occurs when the 
sugar-holding capacity of certain organs has been reduced or over- 
strained. 

Claude Bernard’s celebrated experiment, called la piqure, in which 
he pricked certain nerve cells lying in the floor of the fourth ventricle, 
resulted in the appearance of sugar in the urine. Bernard named this 
group of cells the “diabetic center,” and from this experiment has arisen 
the erroneous belief that diabetes is essentially of nervous origin. It has, 
however, been clearly demonstrated by Dock? that Ja piqure does not 
cause sugar excretion if the animal experimented on be fasting; that is, 
if the organs be free from glycogen. It is, therefore, apparent that 


1. Grube (P.): Arch. f. d. ges, Physiol., 1908, exxi, 636. 
2. Dock: Arch. f. d. ges. Physiol., 1872, v, 571. 
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GRAHAM LUSK 3 


the nerve impulses from the so-called diabetic center simply reduce the 
capacity for holding glycogen on the part of the liver and perhaps of 
other organs, with the result that the blood is flooded with sugar which 
is eliminated by the kidney. 

Macleod and Dolley* show that after injection of nicotin, which acts 
to prevent the transmission of impulses through sympathetic ganglia, 
stimulation of the diabetic center causes neither glycosuria nor loss of 
liver glycogen. 

The “starvation diabetes” 
glycosuria in which sugar ingested readily appears in the urine, because 


of Hofmeister* is another example of 


of a weakened power of the organism to retain it as glycogen. Even in 
normal health unlimited quantities of sugar can not be given without a 
portion appearing in the urine. Thus, Moritz* found 2 gm. of dextrose 
in the urine of a normal man who had received 200 gm. in his food. 
Here the dose evidently surpassed the regulatory capacity of the glyco- 
genic function. Moritz® also found sugar in the urine in the cases of 
four out of six men who had liberally partaken of carbohydrate food and 
champagne. 

Another type of glycosuria, discovered by von Mering,’ occurs after 
the administration of phlorhizin. There the quantity of blood sugar is 
reduced, since the blood coursing through the kidney has no power to 
retain its sugar. Hédon,* in one phlorhizinized dog, found sugar in 
the blood in an amount too smal] to determine at a time when the urine 
contained 11 per cent. of dextrose. Small quantities of sugar given in 
phlorhizin glycosuria are completely eliminated in the urine,’ but if 
large quantities be ingested the organism is found fully able to burn 
sugar. Prolonged fasting does not entirely remove all the glycogen 
from a phlorhizinized dog,’® but cold or mechanical work are able to 
do so.™ 

Von Mering and Minkowski’? removed the pancreas from dogs and 
obtained a condition which was markedly analogous to diabetes mellitus 


. Macleod and Dolley: Proc. Physiol. Soc., Jour, Physiol., 1905, xxxii, 63. 
. Hofmeister: Arch. f. exper. Path. u. Pharmakol., 1890, xxvi, 355. 
Moritz: Verhandl. d. X Cong. f. inn. Med., 1891, x, 492. 
Moritz: Arch. f. klin. Med., 1890, xlvi, 217. 
Von Mering: Verhandl. d. V Cong. f. inn. Med., 1886, v, 185. 
Hédon: Compt. rend. Soc. biol., 1898, xlix, 60. 
. Reilly, Nolan and Lusk: Am. Jour. Physiol., 1895, i, 395. 
. Prausnitz: Ztschr. f. Biol., 1892, xxix, 168. 

11. Lusk: Am. Jour. Physiol., 1908, xxii, 163. 

12. Von Mering and Minkowski: Arch. f. exper. Path, u. Pharmakol., 1889, 
xxvi, 371. 
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4 METABOLISM IN DIABETES 


in man. There is hyperglycemia and a large excretion of dextrose in the 
urine; ingested dextrose can not be burned, but is completely eliminated. 
The dogs show a considerable acidosis, with excretion of beta-oxybutyric 
acid, and they die in coma.’* If a portion of the gland remain in the 
abdominal cavity there is either no diabetes or only a partial diabetes. 
If a portion of a pancreas be transplanted into the abdominal cavity of 
a depancreatized dog, the diabetes is stopped or reduced as long as the 
transplanted piece remains functional. Such experiments as have been 
made in man have not been successful. Minkowski™ reports that if a 
piece of the pancreas be ingrafted under the skin of a dog and after- 
ward the whole of the remainder of the pancreas be removed from the 
abdomen, the dog’s urine remains free from sugar for two months, but 
on extirpation of the piece ingrafted under the skin an extreme diabetes 
sets in. 

Minkowski’® early noticed that the livers of depancreatized dogs were 
free from glycogen. This is further emphasized by the recent experi- 
ments of Allard,’® in Minkowski’s laboratory, who has shown that severe 
cold will not increase the sugar output in completely depancreatized 
dogs. The effect of cold is to produce shivering, which would convert 
into dextrose any available glycogen, were such within the organism. 

Curiously enough, although the depancreatized dog is free from gly- 
cogen, and ingested dextrose can not be converted into glycogen, yet 
when levulose is given glycogen may be largely stored in the liver. The 
capacity for glycogen formation is, therefore, intact. It would seem, 
therefore, that when the cells of the organism were hungry for dextrose 
then an inhibition was laid on the liver, preventing its storage of glyco- 
gen from dextrose. Bang'’ finds no glycogen in the livers of depan- 
creatized dogs, but finds that these same livers contain a diastatic fer- 
ment which acts energetically on a solution of glycogen. Bang and his 
pupils'* have shown the same thing to be true in phlorhizin glycosuria. 

Zuntz’® removed the glycogen from a normal fasting rabbit by 
strychnin convulsions, and after 119 hours of further fasting found 1.3 
gm. of glycogen in the liver and muscles. Hence the normal fasting 
organism has the power to construct glycogen. But in both pancreas 


13. Allard: Arch. f. exper. Path. und. Pharmakol., 1908, lix, 391. 

14. Minkowski: Arch. f. exper. Path. u. Pharmakol., 1908, Supplementband, 399. 
15. Minkowski: Arch, f. exper. Path, u. Pharmakol., 1898, xxxi, 85. 

16. Allard: Arch. f. exper. Path. u. Pharmakol., 1908, lix, 3. 

17. Bang: Beitr. z. chem. Physiol. u. Path., 1907, x, 320. 

18. Bang, Ljundahl and Bohm: Beitr. z. chem. Physiol. u. Path., 1907, v, 312. 
1%. Zuntz: Verhandl. d. Physiol. Gesellsch. zu Berlin, Arch. f. Physiol., 1893, 


378. 


4 
f 


GRAHAM LUSK x 


diabetes and in phlorhizin glycosuria®® this power to convert dextrose 
into glycogen is absolutely lost. 

From this discussion it is evident that when dextrose can not be 
burned in the organism the synthesis of glycogen from dextrose is in 
abeyance, whereas the reverse effect, the conversion of glycogen into 
sugar, is entirely normal. 

The facts already noticed lead to the important conclusion that ex- 
posure to cold, which brings about an adaptive increase in heat produc- 
tion by greatly increasing the fat combustion, does not increase the 
sugar output in either pancreas or phlorhizin diabetes. Hence the sugar 
output is not connected with the quantity of fat metabolized. It has 
also been shown*® that mechanical work, to accomplish which a doubled 
metabolism of fat would have been required, is without effect on the 
output of sugar in a fasting phlorhizinized dog. Seo** has made similar 
experiments in pancreas diabetes. When there is a partial extirpation 
of the gland, and, therefore, only a partial diabetes, exercise reduces the 
sugar output; the conditions for its oxidation are improved. But when 
the pancreas is completely removed, then the sugar output actually 
increases during the working period, to be followed by a compensatory 
reduction, so that in the aggregate mechanical work is entirely without 
influence on the sugar excretion. 

From this discussion it may be safely stated that the factor of fat 
metabolism as increased by cold and mechanical work is without influ- 
ence on the output of sugar. 

The glycerin component of fat when ingested alone in diabetes is 
convertible into dextrose (Cremer, Liithje). It may be that when large 
amounts of fat are ingested the glycerin radicle may be absorbed before 
the fatty acid radicle, and in that way involve a small production of 
sugar from fat. However, A. R. Mandel and I** have given a phlorhi- 
zinized dog 100 gm. of fat on a day when the dog actually burned only 
69.5 gm. of fat, and yet there was no increase of urinary sugar. We 
have also** given a diabetic man 222 gm. of fat without affecting his 
output of sugar. 

In the acute form of diabetes mellitus in man, there is complete loss 
of power to burn dextrose, and one may infer from the similarity of the 
conditions to those of pancreas diabetes that the tissues do not retain 
glycogen. It is evident that such an organism must exist at the expense 


20. Lusk: Am. Jour, Physiol., 1908, xxii, 172. 

21. Seo: Arch, f. exper. Path. u. Pharmakol., 1908, lix, 341. 

22. Mandel (A. R.) and Lusk: Am. Jour, Physiol., 1903, x, 55. 
23. Mandel and Lusk: Deutsch. Arch f. klin. Med., 1904, Ixxi, 472. 
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6 METABOLISM IN DIABETES 


of protein and fat. Within the cells of the living body, certain motions 
are maintained, which are manifest in such physical forms as heat, 
work and electricity. These material forces are not generated from 
nothing, but from an exact equivalent of potential energy resident in the 
materials burned in the body. The requirement of energy for the main- 
tenance of the life of a man is fixed and definite and in general amounts 
to 32 large calories per kilogram of body substance in starvation and to 
35 calories per kilogram when an average mixed diet is taken. The 
diabetic who can not burn dextrose is thrown on protein and fat as 
sources of his potential energy. Were this an uncomplicated situation a 
diabetic could doubtless imitate the habits of the Esquimo, who lives on 
oil and meat. But it happens unfortunately that a major portion of the 
ingested protein is convertible into sugar in the diabetic organism, and 
that this sugar which is carried away by the urine may contain by far 
the greater part of the potential energy of protein which is available for 
cell life. To compensate for this, the protein metabolism increases, but 
fat metabolism remains the mainstay of the life of the diabetic as it does 
in the fasting individual. In diabetes the protein metabolism is abnor- 
mal, and conditions varying in severity also arise in which the end- 
products of fat metabolism, such as beta-oxybutyric acid, aceto-acetic 
acid and acetone, do not burn, but accumulate within the organism and 
are eliminated in the urine. 

The sugar production from protein may first be considered and later 
the origin of the so-called “acetone bodies.” In this discussion the 
organism must be considered as a chemical factory working on definite 
materials. 

Minkowski* found that, after he had extirpated the pancreas in 
dogs, whether they were fasting or on a meat diet, there was a constant 
elimination of nitrogen and dextrose in the urine and that these two sub- 
stances were always in exactly the same proportion day after day. There 
were 2.8 gm. of dextrose for each gram of nitrogen. These two con- 
stituents rose and fell together, but their relationship, called the D:N 
ratio, remained constant at 2.8 to 1. Since each gram of nitrogen in 
the urine represents a destruction of 6.25 gm. of protein in the body, it 
is evident that 2.8 gm. of dextrose may arise from 6.25 gm. of protein, 
or protein yields 45 per cent. of dextrose. 

Cremer** found that, after the frequent injection of phlorhizin, in 
the case of one fasting rabbit, the second day’s urine gave a D:N ratio 
of 2.8, and he wondered if it were always so. This was repeatedly con- 
24. Minkowski: Arch. f. exper. Path. u. Pharmakol., 1903, xxxi, 85. 
25. Cremer and Ritter: Ztschr. f. Biol., 1891, xxviii, 459. 
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firmed in my laboratory,** where it has also been shown that the same 
ratio may be obtained in phlorhizinized cats** and goats.** 

The D:N ratio of 2.8 to 1, which indicated a production of 45 per 
cent. of sugar from protein, apparently represented the upper limit of 
sugar protection from protein in diabetes. Minkowski’s classical work 
did not include an experiment in which gelatin was ingested. I, there- 
fore, tried to determine the amount of sugar which phlorhizinized rab- 
bits would produce when gelatin was given. It became apparent that 
rabbits were not satisfactory animals for this kind of diet and so I 
began work on a dog.® During the first days the known 2.8 ratio could 
not be obtained, and it was fancied that this was on account of a rich 
sugar and glycogen supply in the dog. A continuation of the experiment 
on another dog showed that, even on the fifteenth day of diabetes, the 
2.8 ratio appeared to be as far off as ever and that a higher ratio was 
constantly obtained. This higher D:N ratio was 3.65 to 1 and repre- 
sented a sugar production from protein of nearly 60 per cent. Gelatin 
was shown to yield sugar in equal amount. 

The significance of this ratio was enhanced by the discovery by Man- 
del and myself,?* of its existence in human diabetes when the patient 
was placed on a diet consisting of fat and protein. Other similar cases 
are now on record, one of which will be discussed later. 

A remarkable discovery of the present year is that of Falta,?* who 
has shown that a D:N ratio of 3.6 to 1 may exist in dogs after removal 
of both pancreas and thyroid. 

The cause of the variability of the ratios in different animals and in 
the same animal under different circumstances can not be definitely 
given. Falta believes that the extirpation of the thyroid and pancreas 
leaves the adrenal in a highly active condition, furnishing a secretion 
which tends to promote the formation of sugar. I do not feel that this 
is the place for a detailed discussion of Dr. Falta’s theories regarding 
the interaction between the pancreas, thyroid and adrenal glands as con- 
nected with the sugar metabolism, because I have already expressed my 
inability to accept his views. My own views are based on the following 
reasoning. Loewi*® has explained that the fact that blood sugar is not 
normally eliminated in the kidney is due to its chemical union with an 
unknown colloid. In diabetes mellitus sugar rises in the blood above the 


26. Lusk: Ztschr. f. Biol., 1898, xxxvi, 82. 

27. Arteaga: Am. Jour. Physiol., 1901, vi, 175. 

28. Lusk: Ztschr. f. Biol., 1901, xlii, 43. 

29. Eppinger, Falta and Rudinger: Ztschr. f. klin. Med., 1908, lxvi, 20. 
30. Loewi: Arch. f. exper. Path. u. Pharmakol., 1902, xlviii, 410. 
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power of the colloid to unite with and the crystalloid sugar as found 
within the organism is readily eliminated by the kidney. In phlorhizin- 
diabetes, however, the secreting kidney tubules have the power to break 
up the colloid-dextrose combination with the reduction of blood sugar 
which is eliminated in the urine. Stiles and I** accepted this theory and 
believed that the dextrose in the colloid-dextrose radicle was not com- 
bustible, because the subcutanevus injection of 5 gm. of dextrose in a 
phlorhizinized dog resulted in its complete elimination in the urine. It 
must have been spared from combustion by its union with colloid. Man- 
del and I** have explained the cause of the difference between the 3.65 
and 2.8 ratios by assuming the existence of two different chemical com- 
binations, an alpha-colloid dextrose and a beta-colloid dextrose. By 
alpha dextrose is meant the sugar represented in the 2.8 ratio or 45 per 
cent. of the protein molecule. The beta-dextrose represents the addi- 
tional 13.6 per cent. of the protein when the 3.65 ratio is present. The 
ratio would then depend on the combustion or non-combustion of the 
beta-colloid dextrose. 

In my book on nutrition** I have called attention to the fact that in 
both the carbon monoxid diabetes investigated by Straub and the ether 
glycosuria as described by Seelig, the urinary sugar is derived exclusively 
from protein and may even disappear if the animal be given carbo- 
hydrates alone. This indicates the formation in protein metabolism of a 
distinctive chemical compound which yields dextrose. If the ether is 
administered with oxygen the glycosuria does not ensue. So the glyco- 
suria is due to lack of oxygen acting on the hypothetical colloid-dextrose 
derived from protein. It may be that adrenalin glycosuria is of similar 
nature. It is certain that injections of adrenalin greatly reduce the 
blood supply to the tissues. Underhill and Closson** find in one experi- 
ment that the quantity of dextrose in the urine after injecting adrenalin 
in starvation was only slightly increased if the dog had first received 7 
gm. of dextrose per kilogram. In one imperfectly described experiment 
Underhill states that adrenalin glycosuria is not to be prevented by free 
access of oxygen. Underhill believes that adrenalin stimulates sympa- 
thetic nerves causing a discharge of sugar from the glycogen reposi- 
tories of the body which bring about a hyperglycemia. It seems to me, 
however, that to this may be rightly added a separation of dextrose from 
colloid-dextrose through the anemic condition of the tissues, 


31. Stiles and Lusk: Am. Jour. Physiol., 1903, x, 67. 
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One can explain Falta’s higher ratio after extirpation of both thy- 
roid and pancreas in the dog by assuming conditions which cause the 
cleavage of beta-colloid dextrose. 

That a molecule of protein can yield sugar to the extent of 60 per 
cent. of itself seems, indeed, marvelous. It is in accord with the early 
idea of Voit, that protein breaks up into a nitrogenous portion converti- 
ble into urea and a non-nitrogenous portion which as sugar or fat can 
be used by the organism. Even as late as 1902 Rubner believed in such 
a simple cleavage of protein which yielded large quantities of sugar, and 
my own papers of the same date maintained the same view. 

Kossel,** however, at the International Physiological Congress, held 
in Cambridge, England, in 1898, first drew attention to the fact that 
many cleavage products of protein, such as leucin, lysin and arginin, 
contained six carbon atoms or the same number as dextrose, and he 
compared an aggregation of such amino-acids forming protein with the 
analogous polysaccharids. On the railway train to London after the con- 
gress, Kossel explained to me that he believed these amino-acids were 
convertible into dextrose and that they formed the source of urinary 
sugar in diabetes. The same idea was later voiced by Friedrich Miiller,** 
who stated that protein which yielded so large a quantity of amino-acid 
radicles could scarcely contain a sugar radicle equal to 60 per cent. The 
great work of Emil Fischer has taught that the essential composition of 
protein is a structure formed of chains of amino-acids. He has recently 
hung together eighteen of these radicles in an octodecapeptid contain- 
ing four leucin and fourteen glycocoll molecules and being 1-leucyl- 

NHCH,CO],.NHCH (C,H, )CO.[ HNCH,CO 

This forms a body akin to peptone. The high molecular complex 
called protein, which constitutes the basis of our being, is, after all, 
separable into simple chemical compounds. In the larger molecule these 
amino-acids are chained together, even as in structural framework vari- 
ous iron beams are riveted together. Digestive proteoly.'s or internal 
metabolism rends the higher structure of the molecule and leaves its 
individual supports, the amino-acids, open for further disiategration. 

Kossel, Friedrich Miiller and Hans Meyer were together at Mar- 
burg, and Knopf,** at Meyer's suggestion, gave an amino-acid called 
asparagin, commonly found in protein, to a dog which was partly under 
the influence of phlorhizin, and found a considerable increase of sugar 


34. Kossel: Deutsch. med. Wehnschr., 1898, xxiv, 581. 
35. Miiller and Seeman: Deutsch. med. Welmnschr., 1899, xxv, 209. 
36. Knopf: Arch, f. exper. Path. und Pharmakol., 1903, xix, 123. 
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in the urine. At the same time Stiles and I** fed a completely phlorhi- 
zinized dog with a pancreatic digest of meat, which had been carried so 
far as to contain only amino-acids. The result was a large production 
(40 per cent.) of sugar from the amino-acids ingested. 

Embden and Salomon** have given asparagin, glycocoll and alanin 
to partly depancreatized dogs and have noted large increases in the 
amount of urinary sugar. These experiments are wanting in complete- 
ness in that the pancreas diabetes was not a total diabetes, and the same 
criticism is justified concerning similar experiments on phlorhizinized 
dogs by Baer and Blum* and Glaessner and Pick,*® which have been 
awarded a recognition out of proportion to their worth. The true situa- 
tion was first appreciated by Neuberg,** who found glycogen in the liver 
and lactic acid in the urine of a normal rabbit following the ingestion 
of alanin. The amino-acid alanin is converted into lactic acid by hydrol- 
ysis with elimination of ammonia. The ammonia is converted into urea. 
Arthur Mandel and I** have shown that d-lactic acid is completely con- 
verted into dextrose in the organism, and recently Ringer and I** have 
given 20 gm. of i-alanin to a diabetic dog and witnessed its complete 
elimination in the form of urinary sugar. 

CH, CH, CH, 
ILO > —> co 


boon boon (non 

Alanin. Lactic acid. Acetol. 
In the experiments published last June, I** showed the probability 
that glutamic acid was convertible into sugar in so far as it could form 
alanin in the organism. This would take place according to the follow- 


ing reaction: 


COOH 

cH +H,0 CH, 

uu, —> + NH, 
boon 
Glutamic acid. Lactic acid. 
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Or it may be that the cleavage of the glutamic acid may be brought 
about by hydrolysis of the beta-carbon with the production of glyceric 
acid as follows: 


COOH COOH 
—> 

+2H,0 CH,OH 
buon 
boon boon 
Glutamie acid. Glyceric acid. 


The glyceric acid would then be converted into dextrose. 

This method of giving individual amino-acids in diabetes is entirely 
sufficient to yield information regarding the quantity of sugar produc- 
tion from glycocoll, aspartic acid, serin and other characteristic building- 
stones of protein. 

On closer consideration it appears remarkable that i-alanin, which 
is composed of d-alanin found in protein and |-alanin which is only an 
artificial product, should be completely converted into dextrose. The 
right-handed and left-handed lactic acid must be equally convertible 
into dextrose. By what chemical process this synthesis of glucose from 
i-lactie acid is accomplished is difficult to conjecture. That it should be 
built up immediately through methylglyoxal and glycerin aldehyd, ac- 
cording to the scheme of Wohl,*® seems difficult to imagine. Certainly 
the lactic acid can not break up into carbonic acid and alcohol, accord- 
ing to the idea of Sloklasa and Biichner, for these substances do not 
form dextrose within the organism. On the other hand, if the lactic 
acid is converted into acetol, CH,—CO—CH,OH, and finally into for- 
maldehyd, according to the teachings of Walter Léb,** the formation of 
dextrose from the broken fragments would be in accord with modern 
knowledge. For we have seen that the liver can build glycogen from 
formaldehyd. One might imagine that this line of varying trans- 
formation would be at the sacrifice of some of the potential energy resi- 
dent in alanin. 

Rubner* has shown that 28.5 per cent. of the heat value of protein 
is never utilized by the cells to give them their required energy, but it is 
lost to the body as waste heat. This power of protein to yield free heat 
Rubner termed the specific dynamic action of protein. Fats and starches 
exert a much smaller specific dynamic action because there is only slight 


45. Wohl: Biochem. Ztschr., 1907, v, 45. 
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heat loss in their conversion into compounds which are directly metabol- 
izable by the cells. 

It is on account of this free heat liberated from the different food- 
stuffs, heat which can not contribute to the necessary mechanics of cell 
life, that the heat production after food ingestion is greater than during 
fasting. Rubner conceives the actual energy requirement of the cells to 
be ever constant under wide variations in the food supply, and this 
energy must be furnished to the cells in directly metabolizable com- 
pounds. No heat is set free when protein molecules break up into 
amino-acids,** and amino-acids themselves possess the same specific 
dynamic action as protein.*® Some heat, however, is liberated when 
amino-acids are hydrolized to oxy-acids.*° If one gram of lactic acid 
containing 3,661 calories were directly converted into one gram of 
dextrose containing 3,755 calories, there would be little change in the 
heat relations. If, however, lactic acid was first broken down into for- 
maldehyd and then synthesized into dextrose before it could be used by 
the cells, energy changes might ensue. However, one gram of formic 
aldehyd yields 4,010 calories.** Hence the energy changes in this inter- 
mediate metabolism would be inconsiderable and would not explain the 
cause of the specific dynamic action of protein. 

When one considers that protein in its metabolism yields 28.5 per 
cent. of its energy content as free heat, and that, besides this, the dia- 
betic eliminates 52.5 per cent. of its energy in the form of urinary sugar, 
it is evident that the physiologic heat value of protein to the organism 
in diabetes is only 19 per cent., or its usually calculated value. As if to 
compensate for this, the protein metabolism rises threefold to fivefold 
after the administration of phlorhizin to fasting dogs, and Falta®* has 
found almost as great a rise in dogs after extirpation of the pancreas. 
Falta® also states that he does not find a higher protein metabolism in 
human diabetes than normal. Mandel and I, however, in a study of an 
individual in whom there was complete intolerance for carbohydrates, 
found that the greatly emaciated patient, when put on a diet containing 
7 gm. of nitrogen, still lost 14 gm. of body nitrogen besides, an amount 
which we considered high under the circumstances. 

Allard™ reports a case of a greatly emaciated diabetic man who 
during fasting excreted between 13 and 14 gm. of nitrogen in the urine 
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daily. This certainly seems a large amount, considering the condition 
of the patient. 

The total energy requirement of a diabetic is not far different from 
that of a normal man. Thus, E. Voit** calculated that the heat produc- 
tion of the diabetic patient experimented on by Pettenkofer and Voit in 
1867 amounted to 1,015 calories per square meter of surface as com- 
pared with 1,020 calories for a normal individual of similar size. It 
seems astonishing that a single experiment of Pettenkofer and Voit 
should have remained for more than forty years a solitary instance of a 
complete record of the respiratory metabolism in diabetes. 

Magnus-Levy,** from experiments made on diabetics with the Zuntz 
respiration apparatus, which determines the respiratory exchange of an 
individual during a brief interval of time, comes to the conclusion that 
the total metabolism may be slightly increased in severe diabetes. In 
phlorhizin glycosuria Mandel and I** have shown little or no change in 
the total heat production from the normal. 

Rubner,** however, finds that the total metabolism of a dog kept con- 
stantly in an environmental temperature of 33 degrees rises from 478 
calories on normal fasting days to 510 calories on the days of phlorhizin 
glycosuria. This 7 per cent. increase in heat production he ascribes to 
the specific dynamic action of the increased protein metabolism. In this 
experiment, as in all my own, the fat metabolism remained almost un- 
changed from the normal, whereas the protein metabolism rose to com- 
pensate for the loss of calories eliminated in the urinary sugar. 

Sharply discordant with these results are those of Falta, Grote and 
Staehelin®® on depancreatized dogs. In one dog these authors noticed a 
rise in heat production after extirpation of the pancreas to from 33 to 54 
per cent. of the normal amount. But the dog had a sma)! abscess and his 
temperature ran between 39.4 and 40 degrees after the operation as con- 
trasted with a normal of 38.3 degrees before the operation. In a second 
dog, abscesses were also found on autopsy, and during one day when the 
body temperature ran from 38.8 to 39.9 degrees there was an increased 
heat production of 88 per cent. above the normal, and then during a 
single three-hour morning period, when the body temperature was low 
(38.7 to 38.5 degrees), the total metabolism was only 42 per cent. above 
the normal. This experiment shows the tremendous influence of a fall 
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in body temperature on metabolism, but it does not show that the morn- 
ing metabolism of a diabetic dog which had had a temperature of 39.9 
the night before is to be considered an uncomplicated criterion of metab- 
olism in diabetes. There might have been an overheating of the cells 
where metabolism was progressing, even though this was not determin- 
able by the clinical thermometer—an explanation offered by Rubner to 
explain the rise in metabolism of a fat man in warm air when there was 
no observable change in his body temperature. From the knowledge at 
hand the foundations of a diet for a diabetic should, therefore, be one 
containing about the normal quantity of calories or 35 calories per kilo- 
gram of body weight. 

Rosenfeld® has pointed out that there is a distinct antagonism be- 
tween glycogen and fat deposit in the liver. In fasting the quantity of 
fat in the liver may increase and the fat in the blood also increases. The 
body fat is transported from its normal repositories in order to feed the 
tissues. In pancreas diabetes and in phlorhizin glycosuria this condition 
is intensified so that 40 and even 50 per cent. of the liver solids may 
consist of fat. Klemperer and Umber* have recently reported that of 
nine persons with diabetes with acidosis seven had lipemia. Ewing,” 
citing his own work and that of others, finds that the livers of diabetics 
when they come to autopsy are not fatty in character. This may, per- 
haps, be explained by the fact that in human diabetics there is rarely a 
complete loss of power to burn carbohydrate. I have the record of a pa- 
tient who, revived from coma on administration of bicarbonate of soda, 
was able to burn ingested carbohydrate in small amount three weeks later 
without the appearance of any sugar in the urine. 

The pre-eminence of fat metabolism in the diabetic as the mainstay 
of his organism leads to inquiry as to the origin of the fatty acid called 
beta-oxybutyric acid, and aceto-acetic acid and acetone which are directly 
derived from it. Whence do these acetone bodies arise? They were at 
first supposed to come from dextrose, following a chemical process analo- 
gous to the butyric acid fermentation of carbohydrates, but it was soon 
discovered that in normal persons the acetone bodies were especially 
found in the fasting state. Many then attributed the presence of ace- 
tone to the specific breakdown of body protein, since, when protein was 
given in the food, the acetone bodies disappeared in the urine. However, 
Magnus-Levy® has reported a case of a boy in coma who eliminated an 
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average of 97.5 gm. of beta-oxybutyrice acid and aceto-acetic acid daily 
for three days in addition to an unmeasured quantity of acetone in the 
breath, and during this time the protein metabolism amounted to 9) 
gm., of which latter at least 40 gm. appeared as sugar in the urine. The 
97.5 gm. of acetone bodies in this case could not have been entirely 
derived from the 90 gm. of protein, but they must have originated from 
fat. 

Stadelman™ first pointed out the relationship between the formation 
of beta-oxybutyric acid and the occurrence of coma. Coma has been 
compared to the sword of Damocles which hangs suspended over every 
diabetic. It has been discovered that whenever the organism is thrown 
suddenly from a carbohydrate regimen to a combustion of fat the acetone 
bodies appear in the urine. This condition is greatly intensified in dia- 
betes when even the sugar derived from protein is not burned. 

Knoop,” through cleverly devised experiments, has shown that the 
oxidation of fatty acids in the body is effected by an attack on the fatty 
molecule at the carbon in the beta-position. Thus, the first step in the 
metabolism of butyric acid would be the oxidation of its beta-carbon 
atom as follows: 


deltaCH, CH, 
betaCH, CHOH 
alpha, O bn, 
COOH CooH 
Butyriec acid, beta-oxybutyric acid. 


In a similar manner, caproic acid would first be oxidized at its beta- 
carbon atom and then on further oxidation would lose two atoms of ear- 
bon and be converted into butyric acid, which, in turn, becomes beta- 
oxybutyric acid. These reactions may be written as follows: 


CH, CH, CH, 
cu, CH, 

cH, CH, bus, 

bay, +0 + 50 boon 
bar, ba, 2H,0 
boon boon boo, 


Caproic acid. 
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Such, indeed, is believed to be the method of successive oxidation of 
all the fatty acids, of palmitic acid C,,H,.0,, of oleic acid C,,H,,0,, 
of stearic acid C,,H,,0,. It is evident that each successive oxidation 
carries away two carbon atoms and that beta-oxybutyric acid can be pro- 
duced only from fatty acids having an even number of carbon atoms. 
Valerianic acid, for example, with five atoms of carbon, can not yield 
beta-oxybutyrie acid. The organism has an apparent preference for fats 
with an even number of carbon atoms, and each of these fatty acids on 
their way in metabolism yields a molecule of beta-oxybutyrie acid. 

Each molecule of butyric acid can yield one of beta-oxybutyric acid. 
It has been calculated by Magnus-Levy® that 100 gm. of neutral fat 
made of stearin, palmitin and olein may yield 36.2 gm. of beta-oxybuty- 
ric acid. It is, therefore, evident that the higher fatty acids are the more 
valuable nutriment. Butter, with its high content of butyric acid, 
largely increases the output of the acetone bodies in diabetes. Fifty to 
100 gm. of butter fat when administered to a diabetic may raise his ace- 
tone output four to eightfold.** Oleomargarin is to be preferred. 

Joslin® has shown that oleic acid yields acetone more readily in dia- 
betes than do palmitic and stearic acids. 

The story of the formation of beta-oxybutyric acid does not end with 
the metabolism of fat, for many of the amino-acids of protein yield this 
acid in metabolism. From the experiments of Embden, Salomon and 
Schmidt, Baer and Blum,” it has been discovered that leucin may 
yield beta-oxybutyrie acid, whereas amino-butyric and normal amino- 
caproic acids do not. Friedrich Miiller, in his Herter lectures two years 
ago, mentioned the fact that he had administered amino-valerianic acid 
to a diabetic patient, with resulting increase in the beta-oxybutyric acid 
excretion. 

These statements are all conformant with the idea of a beta-oxidation 
of fatty molecules. Thus, when alpha-amino-valerianic acid, one of the 
building-stones of protein, is ingested, it undergoes hydrolysis in the 
intestinal wall and loses ammonia. Its further oxidation results in the 
production of butyric acid, which is now oxidized on the beta-carbon. 
The reaction is as follows: 
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CH, CH, CH, 

bu, du, 

bu, + H,O bu, -+ 20 dus, 

(Hon boon 

boon —> boon —> CO, + H,0 
Valin. Butyriec acid. 


In a similar manner amino-butyric acid and amino-caproie acid would 
produce, respectively, proprionic and valerianic acids, neither of which 
are convertible into beta-oxybutyric. 


CH; CH, CH, 

bu, bu, CH, 

+ H,O + 20 oor 

Loon H,0+00, 
Amino-butyrie acid. Alpha-oxybutyric acid. Propionic acid. 


In the case of leucin, iso-valerianic acid would be the intermediary 
product, and it has been shown that this fatty acid with its broken chain 
is convertible into beta-oxybutyric acid in the organism. 


CH, CH, CH, CH, CH, CH, CH, 
| 
MM CHOH 
| 
CH, CH, CH, CH, 
| | 
CHNH, + H,0 CHOH COOH COOH 
COOH CooH CO.+H.0 
Leucin. delta-oxyisobutyl Isovalerianic beta-oxybutyric 
acetic acid. acid. acid. 


Amino-acids which form sugar on ingestion, such as glycocoll, alanin, 
aspartic acid and glutamic acid, do not form beta-oxybutyrie acid, but 
may rather decrease the quantity produced, especially if the sugar 
formed can burn. This explains why the acidosis in fasting is reduced 
on ingestion of meat. Baer and Blum™ gave 10 gm. of alanin to a dog 
which received about a gram of phlorhizin daily. The sugar output was 
raised from 19.5 to 21.5 gm. Since we have seen that alanin is com- 
pletely convertible into dextrose, it follows that much of it must have 
been burned in the incompletely phlorhizinized dog. Therefore, the 
acetone excretion decreased and beta-oxybutyrie acid disappeared. The 
profound effect of the ingestion of glutaric acid in reducing sugar and 
nitrogen output as well as the acetone bodies may find a similar expla- 
nation. It is absolutely certain that the skilfully planned work of Baer 
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and Blum loses a large part of its significance because of the two small 
and too frequent dosage with phlorhizin. 

Magnus-Levy*? gave 11.7 gm. of beta-oxybutyrie acid to a normal 
dog. This was completely burned. He then gave 11.5 gm. to a phlorhi- 
zinized dog, with the result that there was an increased elimination of 
7.6 gm. of beta-oxybutyric acid and acetone. Since some acetone was 
eliminated in the breath, it is evident that the animal had largely lost 
the power to burn ingested beta-oxybutyric acid. 

Whatever will materially reduce the metabolism of fat in the body 
will evidently diminish the source of beta-oxybutyrie acid. Such a sub- 
stance is aleohol. Thus, Benedikt and Térék™ were able to reduce the 
acetone excretion, as well as that of nitrogen and dextrose after adminis- 
tering alcohol to a diabetic. Staubli,"* however, states that alcohol may 
reduce the tolerance of the diabetic for carbohydrate. Unfortunately, 
the administration of galactose, levulose and of pentoses are of little 
value in diabetes. In severe cases levulose is largely converted into 
dextrose or eliminated in the urine. | Staubli finds that ingestion of 
levulose reduces the diabetic’s tolerance for dextrose. Brasch*® finds that 
the pentoses rhamnose, arabinose and xylose are not convertible into 
dextrose in the organism of phlorhizinized dogs; they tend to raise 
the protein metabolism. Similar results have been obtained in man, 
and in man pentoses also produce diarrhea.** 

On the basis of work on a diabetic and comatose boy weighing 32 kg., 
Magnus-Levy** makes the following computation of metabolism. He 
purposely assumes a high requirement of energy for a lad of this size, 
or 50 to 55 calories per kilogram, which calls for a total of 1,600 to 
1,700 calories. The boy burned 90 gm. of protein and perhaps 200 gm. 
of fat: 


90 gm. protein == 369 calories 2 970 
200 gm. fat = 1,909 calories 
Deduct 97.5 gm. oxybutyric acid, 443 calories gon 

— I~ 
Deduct 50 gm. urinary sugar, 185 calories | 


Here we perceive an extreme case of diabetic metabolism in which 
half the energy contained in protein is excreted in urinary sugar and 20 
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per cent. of that contained in fat is eliminated in the unburned beta- 
oxybutyric acid. 

This, then, is the worst picture of the perverted metabolism in dia- 
betes. Sugar can not burn, fat burns only as far as beta-oxybutyric 
acid, and as for protein a part of its amino-acids are converted into 
sugar and another part into beta-oxybutyric acid, neither of which can 
be burned. 

Rosenfeld has said that fat can burn only “in the fire of carbohy- 
drates.” But this is not true. Mandel and I, in our work on a diabetic 
with a D:N ratio of 3.65 to 1, and who had no tolerance for carbo- 
hydrates, found a low acidosis as measured by a maximum excretion of 
2 gm. of ammonia, no beta-oxybutyric acid, and a maximum of 0.8 gm. 
of acetone per day. On the other hand, von Noorden™* and Magnus- 
Levy*® report cases in which there was a considerable excretion of acetone 
bodies in the urine when carbohydrates were burned. For example, one 
patient eliminated 4.9 gm. of beta-oxybutyric acid on a day when 40 gm. 
of starch were ingested and burned. There are great individual varia- 
tions. Thus, Staubli®® reports concerning a diabetic man whose ordinary 
mixed diet was changed to one of meat and fat, including 50 gm. of 
bread, the whole containing 3,200 calories. After ten days of this diet, 
during which the sugar output remained nearly constant at 100 gm., 
the beta-oxybutyric acid fell from 37.5 gm. daily to nothing. In com- 
menting on his results Staubli says: “The important factor which 
causes a more serious condition in the metabolism of a diabetic is the 
quantity in which carbohydrate is administered in excess of the tolerance 
for sugar. Damage caused by a continual overworking of the sugar- 
burning capacity plays a large part in the progress of the disease. The 
considerable withdrawal of carbohydrates from the diet, even in cases 
of severe diabetes with high acidosis, exerts an extraordinarily beneficial 
influence. This can be, in part, explained by the increased ability to 
burn sugar on account of the conservation of the body’s power in this 
direction. The improvement in the capacity for sugar combustion exerts 
on its side a beneficial action on the acidosis.” 

The damage done in severe diabetes by flooding the organism with 
carbohydrates is illustrated by a diabetic individual who had been kept 
on a restricted diét at my advice, but on the recommendation of a con- 
sultant was given a large quantity of carbohydrate; this resulted in on- 
set of coma, which proved fatal. 
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The great individual variations as regards the presence of the acetone 
bodies seem to warrant the opinion which I expressed in a discussion on 
acidosis at Washington two years ago, that one may assume the exist- 
ence of a specific beta-oxybutyric acid ferment analogous to the ferment 
which breaks down the sugar. Such a ferment would split beta-oxy- 
butyric acid, thereby performing the last offices of cleavage of the fatty 
molecules. Injury to this ferment may be complete or partial even as 
in the case of the sugar ferment, but damage to one does not necessarily 
involve proportionate damage to the other. 

The elimination of beta-oxybutyric acid from the system is furthered 
by the administration of alkalis. Stiubli*® reports a diabetic who elimi- 
nated 34 gm. of beta-oxybutyric acid daily when the diet contained 60 
gm. of sodium bicarbonate. This excretion fell to 17 gm. on a diet 
which was free from alkali, and then rose to 45.2 gm. on return to 60 
gm. of bicarbonate. Such treatment with alkali is highly beneficial, 
for, as Magnus-Levy observes, the diabetic does not die in coma because 
of the neutralized acid which is eliminated in the urine, but rather on 
account of that which is retained in the body which neutralizes the 
alkalis of tissue and of body fluids. 

Bedard, Pembry and Spriggs*' find that the blood of the diabetic in 
coma still has considerable power to hold carbon dioxid in spite of the 
acidosis. They explain that the reduction of carbon dioxid in the blood 
is due to the extra ventilation brought on by dypsnea, and that the 
dyspnea is the result of acids rendering the respiratory center especially 
sensitive to carbon dioxid and other stimulating substances. 

I have purposely traced the doctrine of diabetic metabolism through 
its most acute manifestations. There are, however, countless variations 
from the extreme conditions. The hope for the diabetic lies in dieting. 
His carbohydrate tolerance must be determined. Mandel and I** have 
recommended that the patient be put on a strict carbohydrate-free diet 
and the D:N ratio of the second day of the diet be determined. If the 
ratio be 3.65 to 1 it is the “fatal ratio” and represents a complete intoler- 
ance for carbohydrates. A lower ratio represents hope for the patient. 
Following this method we found the “fatal ratio” in one patient who 
died a month later. In another case of a young man revived from coma 
and placed on a meat and fat diet the D:N ratio fell steadily from 2.8 
to 1 on the second day unti] the tenth day, when it was 0.34 to 1, and 
after three weeks the urine was free from sugar even after the ingestion 
of small quantities of carbohydrates. Two years later the ratio was 2.8 


81. Bedard, Pembry and Spriggs: Jour. Physiol., 1904, xxxi, 46. 
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to 1 after a week of strict meat and fat diet, which indicated a less 
favorable outlook, although the patient maintained his weight and went 
about his usual occupation. A year later he died in coma. 

A splendid piece of metabolism work on a diabetic man was pub- 
lished a year ago by Allard*? from Minkowski’s clinic at Greifswald. I 
have taken the liberty to rearrange the figures. The experiment was 
accomplished on a man weighing between 51 and 52 kg., who entered the 
hospital in a state of extreme emaciation. During residence in the hos- 
pital his weight improved. He was given various diets and allowed to 
fast, and account was kept of the nitrogen, dextrose, ammonia, beta- 
oxybutyric acid and acetone eliminated in the urine. The results may 
thus be tabulated : 

EXPERIMENT BY ALLARD 
FroM MINKOWSKI's CLINIC AT GREIFSWALD 
seta-oxy- 


Period. Urine. N I> butyric Ace- Total 

Date. Diet. hrs. c¢.c. gm. gm. D:N NHs acid. tone. acids. 
Feb. 22—Meat fat ...... 24 5130 32.9 105.6 3.25 5.2 17.34 5.88 23.92 
Feb. 23—Fasting ........ 24 5395 14.0 306 2.11 3.1 2.95 1.82 4.77 
Feb. 24—300 gm. nutrose.. 24 3070 27.66 95.5 347 40 286 168 4.55 
Mar. 20—Meat fat ....... 24 4730 192 71.8 3.75 5.0 15.14 6.73 21.87 
Mar. 21—Fasting ......... 12 2815 65 23.0 3.67 1.7 234 1.47 3.81 
Mar. 21—200 gm. butter.. 12 2335 46 25.2 548 18 5.66 1.79 7.45 
Apr. 6—Meat fat ....... 12 2195 15.7 52.0 3.34 26 843 4.05 12.48 
Apr. 7—Fasting ......... 24 #5155 13.6 16.4 1.21 34 6.28 2.98 9.26 


Apr. l11—200 gm. butter.. 24 4905 13.0 40.1 3.08 4.0 16.03 5.67 

This experiment shows the beneficial action of a fasting day on the 
acidosis of a diabetic. Thus, on February 22, when the patient ingested 
meat and fat, the total acetone bodies amounted to 23 gm. in twenty- 
four hours, and on February 23, during fasting, they fell to 4.8 gm. 
The ammonia was also greatly reduced. The D:N ratio fell from 3.25 
to 2.11. On February 24, 300 gm. of nutrose (a sodium compound of 
casein) were given, without raising the acidosis above the fasting 
amount, but the D:N ratio became 3.47. On March 20, on a meat-fat 
diet, the acidosis was again high and the D:N ratio was 3.75. The next 
day of fasting the acetone bodies fell very largely and the D:N ratio 
remained at 3.67. These represent the maximum ratios in diabetes as 
I understand them. On March 21, 200 gm. of butter were given, causing 
a rise in the acidosis and a rise in the ratio to 5.48. Whether this high 
ratio is due to nitrogen retention or to the conversion of glycerin into 
dextrose can not be determined. In the light of other evidence it is not 
probable that any of the fatty acids ingested were converted into 
dextrose. A fasting day on April 7 showed a low acidosis and a D:N 


82. Allard: Arch. f. exper. Path. u. Pharmakol., 1907, lvii, 1. 
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ratio of 1.21. An improvement in the power to burn dextrose had, 
therefore, taken place, although it appears remarkable that this was not 
accompanied by a decreased elimination of nitrogen and acetone bodies, 
as contrasted with the amounts excreted on former fasting days when 
the D:N ratio was higher. On April 11 the improvement in the ratio 
was largely nullified by the ingestion of 200 gm. of butter. The excre- 
tion of acetone bodies rose from 9 to 22 gm. and the D:N ratio rose to 
3.08. Apparently a high acidosis lowers the tolerance for carbohydrate, 
just as large ingestion of carbohydrates lowers the tolerance for beta- 
oxybutyrie acid. This experiment does not justify the assumption of 
Mandel and myself, that the “fatal ratio” once established will continue 
throughout life. I have presented this table to indicate to you a high 
type of modern clinical work. 

There is no cure for diabetes. Only dieting relieves the sufferer. 
Of the results of dieting, Dr. Falta, speaking with the authority of von 
Noorden’s great clinic, and of his own good work, wil! address us at the 
next Harvey Society Lecture. 

Extracts of the pancreas and the ferments of yeast are without effect. 
Falta®* has subcutaneously injected a normal dog’s serum into a dog 
with pancreas diabetes without changing the D:N ratio, and again he 
has introduced the lymph of a normal dog, drop by drop, into the 
femoral vein of a diabetic dog without result. 

Physicians call on the laboratories for a cure, but there is no cure. 
All that the laboratories can furnish are indices whereby relief may be 
rendered. It is easy enough to give the results of the gross activities of 
many million millions of cells in terms of so many grams of sugar or of 
nitrogen or of beta-oxybutyric acid, but it is not easy to gain access to a 
mystery which is at present the hidden secret of microscopic particles. 
But we must not despair. The great physiologist, Johannes Miiller, 
stated that no man would ever measure the rapidity of the nerve impulse, 
and ten years later his pupil, Helmholtz, measured it. It is to the in- 
creasing number of young men who are attracted by the scientific or in- 
tellectual side of medicine that the world hopefully turns for relief from 
the miseries of its diseases. 

University and Bellevue Hospital Medical College. 


83. Falta: Wien. klin. Wehnschr., 1907, No. 49. 


THE ANATOMIC EXPLANATION OF THE GREATER 
AMOUNT OF VOCAL FREMITUS AND VOCAL RESO- 
NANCE NORMALLY FOUND AT THE APEX OF 
THE RIGHT LUNG * 

GEORGE FETTEROLF, M.D. 

PHILADELPHIA 


HISTORICAL 

Writers on physical diagnosis have for many years agreed that in 
the normal chest both vocal fremitus and vocal resonance are more 
marked on the right side than on the left. This phenomenon, according 
to Walshe,’ was first noted by Stokes, but the original statement I have 
been unable to find in the available published writings of Stokes. 

Skoda,’ in his classical work on auscultation and percussion, Mark- 
ham’s translation of which was published in 1854, states that “the voice 
of the same individual, whether his thoracic organs be healthy or un- 
healthy, is not heard equally loud at all parts of the thorax,” but the 
concrete fact of the normal difference between the two sides evidently 
escaped him, as he makes no mention of it. 

Walshe,’ in 1860, states of fremitus: “As a general rule, the inten- 
sity of the fremitus is considerably greater on the right side of the chest 
than on the left, the greatest amount of this excess existing in the infra- 
clavicular, infrascapular and interscapular regions.” “The fremitus is 
intensely marked over the larynx and trachea, stronger at the sternal 
than the humeral halves of the infraclavicular regions, generally faintly 
manifest on the right clavicle, and imperceptible at the top of the ster- 
num.” “In the great majority of cases it is stronger in recumbency 
than in the sitting position.” 

Concerning vocal resonance the same writer* says: “The intensity 
and quality of this natural resonance are modified by certain circum- 


“From the Laboratory of Anatomy of the University of Pennsylvania. Read 
at a staff meeting of the Henry Phipps Institute, Dec. 21, 1908. 

1. Walshe (Walter Hayle): A practical treatise on diseases of the lungs, in- 
cluding the principles of physical diagnosis, ed. 3, 1860, p. 142. 

2. Skoda (Joseph): Auscultation and percussion. Transl, from 4th German 
ed. by W. O. Markham, 1854, p. 65. 

3. Walshe (Walter Hayle): A practical treatise on diseases of the lungs, 
1860, p. 28. 

4. Walshe (Walter Hayle): A practical treatise on diseases of the lungs, 1860, 
pp. 141-142. 
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stances altogether independent of disease. Thus the natural resonance is, 
ceteris paribus, marked in proportion to the graveness of the voice. 
This statement is only true of intensity, however; there is no greater 
tendency to concentration or articulation of the sound-when the voice is 
grave than when it is shrill. Secondly, vocal resonance is, as a corollary 
from the last proposition, more marked in males and adults than in 
females and children; it is also more marked in aged persons than in 
adults, doubtless on account of the wasting of the pulmonary parenchyma 
and the thickening and hardening of the bronchi in old age. Thirdly, 
the quality of the resonance varies with the quality of the speaking 
voice; thus in people of advanced years it is very commonly tremulous 
and bleating. Fourthly, the resonance is more strongly developed the 
larger the chest and the less loaded its walls with fat and muscle. Fifth- 
ly, it is stronger in front than behind, with the exception of the inter- 
scapular region, and at the upper than the lower parts of the thorax. 
Sixthly, as first stated by Dr. Stokes, its intensity is greater on the right 
side generally than the left—a fact chiefly significant, though by no 
means valueless elsewhere, under the clavicles and in the interscapular 
region ; there is no resonance over the superficial cardiac region, nor over 
the hepatic surface below the sixth rib. Seventhly, the intensity of vocal 
resonance, as of the respiratory sounds, varies much in persons apparent- 
ly presenting the same physical conditions for its development.” 

Landois and Stirling,’ in 1885, state that “bronchial breathing is 
slightly louder on the right side.” 

Hare,® in 1897, says: “Vocal fremitus is also greater on the right 
side than on the left.” 

Musser,’ in 1899, says of vocal fremitus: “The fremitus on the right 
side at the apex is stronger than on the left.” Of vocal resonance he 
states: “It is heard more pronouncedly at the right apex than at the 
left.” 

Sahli,® in 1905, says concerning vocal fremitus: “The fremitus is 
normally somewhat stronger on the right than on the left side.” As 
regards physiologic bronchial breathing he states: “This breathing is 
naturally more evident on the right side.” 

It is needless further to multiply quotations on this point, as, begin- 
ning about the middle of the last century, a gradually increasing number 


5. Landois and Stirling: A text-book of human physiology. Transl. from 4th 
German ed., 1885, i, 245. 

6. Hare (Hobart A.): Practical diagnosis, ed. 2, 1897, p. 273. 
7. Musser (John H.): Medical diagnosis, ed. 3, 1899, pp. 490 and 513. 
8. Sahli (Hermann): Diagnostic methods. Transl. from 4th German ed., 
1905, pp. 222 and 288, . 
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Fig. 1.—Drawing of a dissection of the upper part of the thorax. For the 
sake of simplicity, the veins and the smaller branches of the subclavian artery 
have been omitted. This figure shows in plastic form those relations in the 
upper thorax which are demonstrated in photographs in succeeding figures, There 
is here shown clearly the interposition of the left subclavian and common carotid 
arteries between the trachea and the left upper lobe, as well as the apposition of 
the trachea and the right upper lobe, with the large vessels anterior, 
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of authorities on diagnosis state the truth of the observation, and at the 
present time it is a matter of common acceptance. 

To explain the condition several theories have been advanced. 

Walshe offers no explanation, satisfying himself with a mere state- 
ment of the fact. 

Landois and Stirling’ state that the reason is the “slightly greater 
caliber of the right bronchus.” 

Hare® ascribes as the reason for the difference the fact that “the 
principal bronchus supplying this lung is larger than that of the left 
side, is joined to the trachea at a less acute angle, and is nearer the 
vertebral column; and, again, as recently emphasized by Cary, the bron- 
chus going to the right upper lobe is given off at a point very near the 
origin of the right bronchus, and in many cases ‘fully two and a half 
inches above the corresponding left bronchial tube.’ ” 

Musser* quotes Ewart and Cary in support of the theory that the 
condition is due to the fact that “the right bronchus is larger than the 
left, its angle with the trachea is more acute, and the bronchus going to 
the right upper lobe is two and a half inches nearer the larynx than the 
left.” 

Sahli® says that the phenomenon is due to “the greater breadth and 
the more direct branching of the right bronchus.” 


ANATOMIC CONSIDERATIONS 

As the discrepancy between the two sides is evidently due to differ- 
ing anatomic conditions it may not be amiss to review the relations of 
the trachea, bronchi and lungs in the upper part of the thorax. In so 
doing several suggestive points can be brought out. 

The Course of the Trachea—This tube extends from the inferior 
margin of the cricoid cartilage through the lower part of the neck and 
the upper part of the thorax to a point opposite the lower margin of the 
manubrium sterni in front and the lower edge of the fourth thoracic 
vertebra behind. At this situation it divides into the two bronchi. In 
its course down the neck and thorax, especially the latter, it inclines to 
the right, probably on account of the position of the arch of the aorta 
to its left side. Its point of bifurcation usually lies to the right of the 
midsternal line, sometimes so far over as to be behind the right margin 
of the sternum (Fig. 2). 

The Relations of the Trachea.—In the thorax these are as follows: 
Posterior to it, at its origin, lies the esophagus, which at first is directly 
behind, but later moves to the left to such an extent that in the upper 
part of the posterior mediastinum it lies behind the left bronchus (Fig. 
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4). The recurrent laryngeal nerves also lie behind the trachea. In 
front are the first part of the arch of the aorta and just above the latter, 
the origins of the innominate and left common carotid arteries (Fig. 1). 
in front of which are the left innominate vein and the remains of the 
thymus body. The innominate artery, as it passes upward, lies anterior to 
the upper lobe of the right lung, while the left common carotid seeks a 
deeper plane and ascends at the left side of the trachea (Fig. 3). Just 
above and anterior to the tracheal bifureation is the deep cardiac plexus 
of nerves. On the left side, above the left bronchus, is the backward 
coursing arch of the aorta (Fig. 4), which makes an indentation, some- 
times quite marked, in this wall of the trachea. Further up are the left 
vagus nerve and the left common carotid artery (Figs. 1 and 3), and 
these, with the aorta, the left subclavian artery, the esophagus and a 
quantity of areolar and lymphatic tissue (Fig. 3), form a layer several 
centimeters thick which separates the left lung from the trachea. On the 
right side the trachea has touching it the right vagus nerve (Fig. 6) 
and the mediastinal part of the right parietal pleura (Figs. 3 and 4). 
the latter lying in contact with the trachea from the base of the neck to 
the origin of the right bronchus (Fig. 4). 

The Bifurcation of the Trachea.—This, as stated above, occurs at a 
point opposite the lower end of the manubrium sterni anteriorly or the 
lower edge of the fourth thoracic vertebra posteriorly, and usually to 
the right of the median line (Fig. 2). The carina trachee (Fig. 4) is a 
keel-like lunate ridge which separates the origin of the two bronchi and 
in the majority of instances lies to the left of the tracheal midline. 
Heller and von Schrotter, in 100 cadavers, found it on the left sidé in 57 
per cent. and in the middle in 42 per cent (Dwight®). Sir Felix Semon 
found it, in the living, on the left in 59 per cent., in the middle in 35 
per cent. and on the right in 6 per cent (Dwight®). Lying under the 
angle of bifurcation and connecting the bronchi is the interbronchial 
ligament, under which is a group of lymph nodes. 

The Caliber of the Bronchi.—The right bronchus is wider than the 
left in the proportion of 100-77.9, the extreme being 100-71.6 and 
100-83.3, and in 10 per cent. the caliber being about equal (Braune and 
Stahel, quoted by Dwight®). As a practical working basis this propor- 
tion can be considered as being 100-75. 

The Angle of Origin of the Bronchi—The right bronchus is the 
more vertical of the two, forming an angle of 24.8 degrees with the body 
axis, while the left comes off at an angle of 45.6 degrees (Cunning- 


9. Dwight (Thomas): Piersol’s human anatomy, 1907, pp. 1837-1838. 


Fig. 2.—Diagram drawn from an 2-ray photograph of a chest in which the 
air passages had been filled with a fusible alloy. (Blake [Joseph A.]: Am. Jour. 
j Med. Sc., 1899, exvii, 320.) In this diagram will be noted the inclination to the 

right of the trachea, and the right lateral position of the bifurcation. 
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ham?*), or, in simpler figures, 25 degrees and 45 degrees, the subtracheal 
angle, therefore, being about 70 degrees. 

The Length of the Bronchi.—According to Ewart,"' the following 
measurements have been ascertained for the bronchi from their origin 
to their first branch : 

Right bronchus 21.1 mm., left bronchus 49 mm. (Aeby). 

Right bronchus 15-18 mm., left bronchus 30-35 mm. (Sappey). 

Right bronchus 25 mm., left bronchus 50 mm. (Quain). 

I have made these measurements in one body (Fig. 6), in which a 
section of the thorax had been made in the long axis of the trachea after 
injecting with formalin and freezing. A possible source of error in the 
results was the presence in the specimen of bilateral pulmonary tubercu- 
losis. This body gave a length of 35 mm. on the right side and 45 mm. 
on the left. Measurements taken in a specimen so prepared are the only 
ones of real value, for if the measuring be done after removal of the 
organs froin the body there is so much unavoidable displacement and 
stretching that the normal relations are seriously disturbed. In addi- 
tion, after removal, the natural greater length of the left tube would be 
exaggerated on account of relatively and actually greater stretching. 

The Branches of the Main Bronchi.—The left bronchus passes in an 
unbranched condition into the lung and there bifurcates into two 
branches, one for the upper lobe and one for the lower lobe, although 
their distribution does not actually correspond to this description. The 
right gives off the upper lobe bronchus, called the eparterial bronchus on 
account of its position relative to the pulmonary artery, and then con- 
tinues as the bronchus intermedius to the lung, where it divides into the 
middle lobe bronchus and the lower lobe bronchus. 

The Right Upper Lobe Bronchus or Eparterial Bronchus (Aeby).— 
This tube lies in the horizontal plane and is distributed solely to the 
upper lobe. It measures 15 mm. in length (Ewart'*), the measurements 
being taken on the outer surface of a cast of the tube made after removal 
of the respiratory organs from the body. In the one specimen measured 
I found the length of this tube to be 20 mm. At its termination it 
divides into a pectoral stem and an axillary-apical stem, the latter meas- 
uring 3mm. After continuing on for 8 mm. the latter divides into an 
ascending apical and an axillary stem. It will thus be seen that, accept- 
ing Ewart’s measurements, the distance from the bifurcation of the 


10. Cunningham (D. J.): The text-book of anatomy, ed. 2, 1906, p. 976. 
11. Ewart (William): The bronchi and pulmonary blood-vessels, 1889, p. 71. 
12. Ewart (William): The bronchi and pulmonary blood vessels, 1889, p. 90. 
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trachea to the origin of the right apical bronchus is 39.1 mm. (21.1 + 
15 + 3). 

The Left Upper Lobe Bronchus or Bronchus Impar (Ewart).—The 
left main bronchus enters the |ung without having branched, and after 
gaining the pulmonary parenchyma it divides into the upper lobe 
bronchus and the lower lobe bronchus. 

The former differs from the corresponding structure on the right 
side in that it is hyparterial in position, it supplies not only the upper 
lobe but also the cardiac district of the lower, and its two branches cor- 
respond, respectively, to the eparterial and middle lobe bronchi of the 
right side. It measures 13 mm. (Ewart**) and in diameter equals that 
of the right side. It terminates by dividing into an ascending and a de- 
scending branch. The former measures 8 mm. in length and ascends to 
give off a pectoral branch and to continue on as an axillary-apical branch, 
which breaks up into three, all of which engage in the supply of the 
apex. The distance, therefore, from the bifurcation of the trachea, 
according to Ewart’s figures, is 70 mm. (49 + 13 + 8), the measure- 
ments being carried no further on this side on account of the entire 
axillary-apical trunk supplying the pulmonary apex. 

There is thus an apparent difference between the two sides of 30.9 
mm., the greater length being, of course, on the left side. 

In the one specimen I measured the distance from the origin of the 
eparterial bronchus to the axillary-apical bronchus was 20 mm. and 
from the origin of the left upper lobe bronchus to that of the axillary- 
apical bronchus was 12 mm.; the resultant figures show that, on the 
right side, the distance from the tracheal bifurcation to the axillary- 
apical bronchus was 55 mm. and on the left 57 mm., a difference of only 
2mm. This is undoubtedly less than the average, due possibly in part 
to the pulmonary disease and in part to an unusually lateral origin of 
the eparterial bronchus, but it suggests strongly that some of the ac- 
cepted figures may be somewhat untrustworthy. 


ACCEPTED EXPLANATIONS 


Sufficient data are now at hand to enable us to examine into and 
perhaps readjust and add to the accepted theories. There are three of 
these, one being the more direct continuation of the right bronchus into 
the line of the trachea, another the shorter distance from the bifurcation 
of the trachea to the right apex, and the third the greater caliber of the 


right bronchus. 


13. Ewart (William): The bronchi and pulmonary blood vessels, 1889, p. 98. 
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Fig. 3.—Section through the upper part of the thorax, viewed from below. The line of section is not ex 
horizontal, a slightly lower plane being reached on the right side th on the left. In order to show the a 
be noted in this specimen the beginning con 
n of the in nate artery, whose bifurcation is 
varation of the the trachea by means of the large arteries, 
r tissue can read seen. T, agus; RAP, right apical pleura; LAP, left 
apical pleura; IA, innominate artery, i into RSA, right subclavian artery and RCA, right common carotid 
artery; LSA, left subclavian artery; LCA, left common carotid artery; RSV, right subclavian vein; LIV, left in- 
nominate vein. 
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Fig. 4.—Vertical section, viewed from in front, 
aorta of the left common carotid artery. 
demonstrate e clearly the vessels 
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of the thorax on a plane 


just posterior to the origin from the 
After the section had been made, the loose r tissue was dissected 
There is shown } y the contact of the right upper lobe with 
sorta and the artery between the left lung and the 
esophagus; RUL, right upper lobe; 


LUL, left upper lobe; A, aorta; 
irtery ; 


RSA, right subclavian ; 
subclavian artery; LPA, 


left pulmonary artery 


trachea, 
RVN, right vagus 
LCA, left common carotid artery; LSA, left 

r; LPV, 


left inferior pulmonary vein; LMA, left internal mammary artery. 
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1. The more vertical course of the main bronchus of the right side 
and its consequent more direct continuity with the trachea.—Assuming 
for the present that the vocal vibrations are transmitted to the surface of 
the apex solely by way of the air content of the bronchi and lungs, it is 
hard to see how the angle of the right main bronchus can be of any ulti- 
mate effect. If we apply to this tube the rule that the less acute the 
angle of origin of each succeeding tube the greater the volume of sound 
transmitted, it must apply equally well to all subsequent branchings. 
Reduced to the last analysis, vocal sound waves transmitted by the air 
current to the apex must pass through an angle of 180 degrees; they 
must pass down, they must pass laterally, they must pass up, this truth 
applying with equal force to both sides. Now, if the right bronchus 
subtract but 25 degrees from the 180 degrees, it leaves 155 degrees still 
to be traversed before the waves pass upward, and what is gained at the 
first point is lost by later branchings. On the other hand, with the left 
system of tubes 45 of the 180 degrees are subtracted at once, and it is 
quite possible that the vibrations may be less marked in the left bronchus 
than in the right. At the same time the preponderance should cease at 
this point, as there is remaining on the left side only 135 degrees, as 
opposed to 155 degrees on the right, to be traveled in order to reach the 
apex. In other words, what is lost at the bifurcation of the trachea is 
gained further on at the subsequent branchings of the bronchial system. 
Does it not follow, therefore, that the direction of the right bronchus, 
eliminating all other considerations, can have no effect in causing greater 
fremitus and resonance on the right side? 

2. Distance.—It is stated quite truthfully that the vocal sounds, to 
reach the left apex, must travel a greater distance than to reach the 
right. According to Ewart’s figures, in order to reach the origin of the 
axillary-apical bronchus, vocal vibrations have 30.9 mm. farther to travel 
on the left side than on the right. While this may be the case, there are 
two possibilities to be considered in this connection. One is that the 
difference is not so great as our accepted figures would incline us to 
think. It will be recalled that in the one specimen in which I made 
measurements the difference between the two sides was but 2 mm. 
While this may be and probably is below the average, I am convinced 
from the study of a number of cadavers that the figures given by Ewart 
are too high. And Cary’s'* estimate of two and a half inches’ differ- 
ence between the origins of the upper lobe bronchi on the two sides cer- 
tainly seems to be somewhat excessive. But even if it be correct there is 


14 Cary (Charles): Tr. Assn, Am. Phys., 1895, p. 400. 
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not the ultimate difference that these figures would indicate, for the 
lower position of the summit of the left apex would subtract quite con- 
siderably from the given two and a half inches. It can be accepted, 
however, that the sound vibrations, to reach the axillary-apical bronchus, 
do have on the right side a shorter distance to travel than on the left. 
The second point to be considered is the position of the apices relative 
to each other and to the origin of the axillary-apical bronchus. As a rule 
that of the right is the higher, to the extent of 10-20 mm. (Figs. 4 and 
6). One thorax (Fig. 6) especially prepared at the University showed a 
distance from the axillary-apical bronchus to the top of the apex of the 
lung on the right side of 70 mm. and on the left of 83 mm., a difference 
of 13 mm. This apparent contradiction is due to the fact that the left 
axillary-apical bronchus arises at a lower plane in the thorax than does 
the right. If, now, we allow 15 mm. as a fair average difference in 
length of path from tracheal bifurcation to axillary-apical bronchus and 
add to this 10 to 15 mm. difference between the origin of the axillary- 
apical bronchus and the apex, we have a greater distance of 25 to 30 mm. 
which the sound waves have to travel in the left lung. How much of an 
element in the problem this distance comprises is impossible to state, 
but when it is considered that in our stethoscopes a shortening or length- 
ening of the rubber tubes to the extent of many inches seems to have no 
effect on the clearness or intensity with which sounds are transmitted to 
the ear, it would seem that the importance attached to the 2 to 3 em. 
difference is too great. 

3. Caliber.—The right main bronchus is larger than the left in ap- 
proximately the ratio of 100-75 (100-77.9, Braune and Stahel'®). It 
has been customary to assign to this greater width all or some of the 
responsibility for the preponderance of fremitus and resonance on the 
right side. It is possible that this greater width may have some bearing 
on the question, but to decide this one must first inquire into the reason 
for the existence of the greater caliber. The answer is naturally that 
the right bronchus is wider than the left because it has more lung to 
supply. This being the case, would not the greater facility with which 
sound waves are transmitted through the right bronchus be later lost at 
the apex, on account of the greater peripheral area of pulmonary tissue 
to which these waves have to be distributed? It would seem, therefore, 
if this be accepted, that the greater caliber of the right bronchus may be 
responsible to some slight, but certainly not to any very marked degree. 


AUTHOR'S EXPLANATION 


Writers hitherto, in discussing the point at issue, have assumed that 
the vibrations responsible for the perception of fremitus and resonance 
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Fig. 6.—Section of the thorax, viewed from in front, cut in the axis of the trachea and main bronchi. The bl 


ack pins 
show corresponding 


points on the two sides. The white pin on the right side marks the origin of the axillary-apical bronchus 
and on the left the division of the upper lobe bronchus into ascending and descending branches. In the plane in which the sec- 
tion is cut the right parietal pleura does not touch the trachea, because of tuberculous enlargement of the bronchial lymph 
nodes, some of which have been removed to show the vagus nerve. In a plane slightly posterior the pleura does touch the 
trachea. T, trachea; E, esophagus; A, aorta; RUL, right upper lobe; LUL, left upper lobe; RSA, right subclavian artery; 
RSV, right subclavian vein; RJV 


_ right internal jugular vein; RVN, right vagus nerve; LCA, left common carotid artery; LSV, 
left subclavian vein; LPA, left pulmonary artery; BLN, enlarged bronchial lymph nodes; VA, vena azygos; AAB, origin of 
the right axillary-apieal bronchus; ADU, division into ascending and descending branches of the left upper lobe bronchus. 
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at the apices have been transmitted from the larynx solely by the bron- 
chial and pulmonary air. And this in spite of the fact that these sounds 
are elicited only during the outward passage of the air, during an expira- 
tory puff, and, therefore, necessarily transmitted against the air current. 
But in the explanation afforded by the size, length and angle of the air 
tubes another possibility has been entirely lost sight of, and that is the 
direct transmission of vocal vibrations from the trachea through the tis- 
sues of the superior mediastinum to the lung apices. The trachea is 
about 10 cm. long, with approximately two-fifths of its length in the 
neck and three-fifths in the thorax. On its right side, almost entirely 
throughout its thoracic course, the lung lies in contact with it (Figs. 
1, 3, 4 and 5), separated only by the parietal pleura and a delicate layer 
of areolar and lymphatic tissue. On the left side there are 3 cm. or 
more of large blood vessels and esophagus plus areolar and lymphatic 
tissue interposed between the trachea and the apex (Figs. 1, 3, 4, 5 and 
6). And to this difference I would ascribe the rationale of the variation 
in the normal sounds. Why assume that the vibrations in question must 
pass through a long and devious course, and to differences in this course 
on the two sides (differences shown to be of little importance in their 
ultimate result) ascribe the preponderance on the right side? The 
explanation I suggest is simple, perhaps obvious when once noted, and 
its principle is observed daily in diseased conditions. Is not whispered 
pectoriloquy transmitted to the ear from a tuberculous cavity through 
sound overlying pulmonary tissue? And is there any difference in prin- 
ciple between transmission from a cavity through adjacent lung paren- 
chyma and transmission from the trachea through healthy upper lobe 
and apex tissue? It does seem when these facts are taken into considera- 
tion and either the actual frozen sections or the appended illustrations 
studied, that the explanation offered is the rational one. And all that 
is needed to prove the truth of this contention is to find a patient in 
whom the right bronchus is plugged and no air is entering the right 
lung. If the theory advanced is correct, there will be found, in spite of 
the obstruction, vocal fremitus and vocal] resonance at the right apex. 

Note.-—Acknowledgments are due to Dr. A. W. Goodspeed, Professor of 
Physics in the University of Pennsylvania, for valuable suggestions, and to Dr. 
P. G. Skillern, Jr., for assistance in preparing the specimens from which the 
illustrations were made. 
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MULTIPLE NEUROFIBROMATOSIS (VON RECKLING- 
HAUSEN’S DISEASE) 
FRANCIS HARBITZ, M.D. 
CHRISTIANIA, NORWAY 


The occurrence of isolated tumors of nerves is relatively frequent, 
probably more so than generally supposed, for the reason that in the 
case of many fibromata, fibromyxomata or other tumors a connection 
with nerves is not always ascertainable. Most tumors of nerves are fibro- 
mata or fibromyxomata. I have studied fourteen such tumors, eight of 
which were situated in the nerves of the forearm and five in those of 
the lower limbs. ‘The cases were equally divided between the sexes. 
Most of the tumors occurred in patients between 20 and 40 vears of age, 
and in some of the cases the tumors developed slowly, in the course of 
ten to fifteen years. In a woman of 50 years there first appeared a pure 
fibroma, which was removed by operation. Then repeated recurrent 
growths appeared which gradually became sarcomatous and caused death 
ten vears after the appearance of the first tumor. 

The tumors of the optic nerve, five of which were examined, form 
a separate group, as they possess both clinical and histologic peculiari- 
ties. They are most frequent in children. Four of our cases were in 
bovs, 5, 8, 11 and 13 years old. The first symptoms generally are de- 
crease in vision, pain and increasing exophthalmos. The latter may 
reach such an extreme degree that the eye actually hangs out of the orbit. 
The growth is usually rapid, though occasionally it is slow, as in two of 
our cases in which it required five and seven years respectively. The 
tumors are located in and on the optic nerve (Fig. 1), which presents 
a spindle-shaped enlargement tapering anteriorly and posteriorly. As a 
rule they are well circumscribed and do not infiltrate the eye or other 
surrounding structures. Metastases and recurrences generally do not 
occur, hence the tumors are relatively benign. Their histologic structure 
is difficult to interpret. Most often they have been looked upon as 
sarcomata with varying types of cells arising from the stroma of the 
optic nerve. In my opinion it is most probable that they are to be con- 
sidered gliomata (Figs. 2 and 3), arising from the glia in which the 
optic nerve fibers are imbedded, and in that case they should be classed 
together with the retinal gliomata and be separated from the ordinary 
fibrous tumors of nerves. 
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The border between the isolated tumors of nerves and von Reckling- 
hausen’s disease is formed by cases of multiple neurofibromata without 
the existence of tumors or pigmentation of the skin or other abnormalli- 
ties. I have had opportunity to examine two such cases in which re- 


Fig. 1—Eye with tumor of the optic nerve. 


peated recurrences after extirpation took place, sometimes with short 
intervals, but the tendency to recurrence disappeared and evolution into 
sarcoma did not take place. 

Case A.—A man who at the age of 68 years died of apoplexy, at 45 developed 


multiple fibromata of the nerves of the left forearm, particularly the ulnar and 
median nerves and their branches. The tumors gradually caused so much pain 


Fig. 2.—Cross-section of optic nerve with tumor. In the center the optic 
nerve surrounded and compressed by tumor masses, 


that in his sixtieth year an operation was performed, when numerous sharply 
circumscribed tumors varying from the size of a pea to that of a walnut were 
removed. Recurrences took place a year later and about thirty similar tumors 
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were removed; a year after this forty or fifty tumors were removed, and finally, 
one and a half years later, a long, cord-like nerve swelling and several smaller 
growths were removed from the forearm. All these growths were found to be 
fibromata rich in cells. The patient then was free from recurrences and free 
from pain until his death. The family history was negative. 

Case B.—In a man who died at the age of 24 years from tuberculosis small 
tender lumps in one forearm and hand had existed from early childhood. They 
were most numerous in the median nerve and to a considerable extent had under- 
gone cystic degeneration. At the age of 17 years several of these tumors were 
extirpated on account of pain, and were found to be fibromata. After a little 
more than a year recurrence took place and several similar tumors were removed, 
but from that time on the patient was free from recurrences. In this case there 
was also no known heredity. 


Fig. 3.—Cross-section of optic nerve infiltrated with tumor tissue. Optic nerve 
to the left; tumor tissue (probably glia tissue) to the right. 


Both cases illustrate the tendency to rapid growth and to recurrence 
soon after operation. 

Great interest is attached to those cases of multiple tumors of nerves 
which are accompanied by a series of other symptoms, showing that we 
are dealing with a general disease, or constitutional anomaly, if it be 
desirable to use that term. This is to be inferred, first, because the dis- 
ease affects more or less extensive parts of the nervous system, hence is 
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a “system disease,” although with variable clinical picture; second, be- 
cause it is frequently accompanied by tumor formation, and especially 
pigmentation of the skin; further, because as secondary, less important 
and less frequent symptoms, we encounter a series of psychic, trophic 
and vasomotor phenomena. When, in addition to this, in about one- 
fifth of the cases we find an hereditary basis, the malady either appear- 
ing as a family disease or occurring in several generations, although in 
different forms, it must be admitted that this affection deserves to be 


Fig. 4.—Patient 1. 


recognized and borne in mind, especially as it is not as rare as might be 
supposed, particularly if the incomplete forms or formes frustes be in- 
cluded. 

The disease has been known for a long time. In 1849 the gross 
anatomic characteristics were described by R. W. Smith.t Virchow? 


1. Smith, R. W.: A Treatise on the Pathology, Diagnosis and Treatment of 
Neuroma, Dublin, 1849. 
2. Virechow: Die krankhaften Geschwiilste, 1863. 
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determined that the tumors originated from the connective tissue ele- 
ment of the nerves. The next advance is associated with the name of 
von Recklinghausen,’ after whom the disease later was named. He 
showed that different forms which until then had been considered sepa- 
rate, really formed a histogenetic unit, especially as in cases of pro- 
nounced tumor formation in the skin the tumors were found to develop 
from the nerves. Later investigators have especially endeavored to 
establish and describe different types and to study the histologic struc- 


Fig. 5.—Patient 1. 


ture. Among later works the monograph of Thomson‘ deserves special 
mention, and, so far as American literature is concerned, the articles of 
Prudden® and Hektoen and Preble. As I recently had opportunity to 


3. von Recklinghausen: Ueber die multiplen Fibromen der Haut und ihre 
Beziehung zu den multiplen Neuromen, 1882. 

4. Thomson: On Neuroma and Neurofibromatosis, 1900. 

5. Prudden: Am. Jour. Med. Sc., Phila., 1880, Ixxx, 134. 

6. Hektoen and Preble: Am. Jour. Med. Se., Phila., 1901, exxi, 1. 


« 
=. 
— 
| 
4 


FRANCIS HARBITZ 37 


investigate both the clinical and anatomic details of a number of cases 
of neurofibromatosis of different types, I will first briefly relate the 
cases, and later in connection with them make some remarks with special 
reference to prognosis, symptomatology and histogenesis.’ 

Case 1.—In a woman 52 years old when observed (Figs. 4 and 5), there had 
appeared when she was 26 years old, an eruption of fibromata on the chest, back, 
face, arms and legs. They were soft, not tender, varying in size up to that of a 
pea; they grew slowly. It was also found that she had numerous pigmented 
spots all over her body, but there were no tumors on the nerves. The tumors 


Fig. 6.—Patient 2, daughter of Patient 1. 


had the structures of fibroma. On inquiry about the family nothing hereditary 
was found, but it was learned that her daughter was similarly affected. 

Case 2.—(Fig. 6.) The 23-year-old daughter of the patient just described 
(Case 1) had abundant pigmented spots, some of which were freckle-like, others 
large and light in color, scattered over the entire body. On the back she also 
had a red angiomatous area, a few soft fibromata and bluish-violet very soft 
superficial lumps, but there were no growths on the nerves. 

7. Complete description of these cases will appear in Norsk Mag. f. Laegevid- 
ensk., Christiania, 1909. 
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Case 3.—A woman 36 years old (Fig. 7), of a healthy family, had multiple 
growths on the chest, back, arms and face, also a few bluish-violet, slightly raised 
soft patches, and on the left side of the chest a hard pedunculated fibroma of 
the size of a child’s head, the upper surface of which was ulcerated. There were 
numerous pigmented spots but no tumors of the nerve trunks, 

These three cases are instances of the simple form of von Reckling- 
hausen’s disease characterized by generally soft, though occasionally 


hard, cutaneous fibromata and by pigmentary anomalies. 


Fig. 7.—Patient 3. 


In the following cases there were also multiple neuromata of the 


subcutaneous nerves: 

Case 4.—A man 28 years old (Figs. 8 and 9) had numerous pigmented spots 
seatttered on his trunk and limbs. These had existed from birth. The patient 
also had a large number of soft cutaneous fibromata which had developed after 
the age of 15 years. On the inside of the right arm were a few hard, tender, 
spindle-shaped, smal] fibromata situated on the nerves. On histologic examination 
of these (Fig. 10) most of the nerve fibers were found preserved as a central 
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bundle surrounded by proliferated connective tissue arising from endoneurium 
and perineurium. The only further congenital anomaly which was found was a 
eryptorchidism. 

Case 5.—A man 55 years old (Figs. 11 and 12), of small, almost dwart-like 
stature, had extremely numerous soft cutaneous fibromata, most numerous on the 
trunk, decreasing in number along the arms and legs. The tumors were partly 
pedunculated, partly sessile and hemispherical, and reached the size of a walnut. 
They had been present since childhood but had gradually increased in number 
and in size. There were also numerous flat, closely placed, bean-sized nodules on 
the face. He had, moreover, large, brown, oval, pigmented areas and a few smal), 


Fig. 8.—Patient 4. 


spindle-shaped, somewhat tender nodules of the subcutaneous nerves on the inside 
of the arm. He gave the impression of possessing little intelligence. No similar 
cases were known to exist in the family. 

Case 6.—A woman 19 years old had a growth removed which was located in 
the upper eyelid and the left temple and found to be a racemose neuroma. (Ran- 
kenneurom; Figs. 3 and 4.) This tumor had appeared in the course of the 
last two years. She also had scattered, soft, cutaneous fibromata and numerous 
small and large pigmented areas, said to have been congenital, as well as some 
areas devoid of pigment which were most numerous on the neck. On both sides 
of the neck, in the right axilla, and on the inside of the right arm there were a 
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few tender, spindle-shaped nodules on the nerve trunks. In the following four 
years, during which 1 had opportunity to observe her, a small recurrent growth 
appeared in the eyelid, and during a period of lactation there was an eruption 


of a large number of small fibromata on the subcutaneous nerves. There was no 


known heredity. 


This case, then, is an example of coexisting racemose neuroma 
(“Rankenneurom™) and subcutaneous neurofibromata in addition to soft 


Judging from the course, 


fibromata and pigment anomalies of the skin. 
the prognosis here was somewhat doubtful. 


Fig. 9.—Patient 4. 


The following three cases illustrate the addition of elephantiasis-like 


growths: 
Case 7.—In a woman 29 years old, of a healthy family, herself an imbecile 
of the Mongolian type (Figs. 16 and 17), there appeared, at the age of 6 or 7 
years, a tumor on the back of the left thigh. This tumor later developed into a 
large elephantiasis-like growth of the thigh and external genitals of the left side. 
Later there also appeared numerous small fibromata on the trunk, face and, to 
some extent, on the extremities, as well as many pigmented areas. There were, 
however, no demonstrable nodules on the nerve trunks. She was, on the whole, 
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well built, but slender. The characteristic appearance of the face—oblique eyes 
far apart, narrow palpebral fissures, broad nose—did not exist from birth but 
developed at about the age of puberty. 

Case 8.—A man, 47 years old (Figs. 18 and 19), of a healthy family, had a 
congenital growth in the right upper eyelid which gradually spread to form a 
large, elephantiasis-like mass on the right side of the face, including the right 
side of the forehead and the right temple. At the age of 8 years it caused 
blindness in the right eye. At the age of 21 years extirpation was performed 
and after that time there was little growth. He was not aware of the existence 
of other tumors, but on examination a number of small fibromata were found on 
the chest and back and also numerous pigmented areas, some of them very large, 
chiefly in the rima inter nates, and on the hips and thighs, while a few tender 
string-shaped and spindle-shaped subcutaneous tumors of the nerves of the inside 


Fig. 10.—Case 4.—Cross-section through a small tumor nodule on a subcuta- 
neous nerve; in the center a large bundle of normal appearing nerve fibers in the 
periphery of proliferating connective tissue. 


of the left arm were also detected. The man had a kyphosis which was said to 
have developed in childhood; it could not be determined whether this was the 
result of an old tuberculous spondylitis, or whether, as has been claimed in other 
cases, especially by French observers, the bone disease had some connection with 
the multiple neurofibromatgsis. 

Case 9.—A woman, A, L., 25 years old, who died of erysipelas, had from birth 
a great fibromatous thickening constituting an actual elephantiasis of the entire 
left lower extremity (Fig. 20) and of the left side of the external genitals. The 
thickening had been slowly increasing. The circumference of the leg was 45 em. 
and that of the thigh 72 cm. The thickening consigted of fibromatous prolifer- 
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ation of the cutis and the subcutaneous tissue, the combined thickness of which 
measured 3.5 to 4 cm. (Fig. 21.) The skin of the left leg was wrinkled, cor- 
rugated and shagreen-like. In addition, the skin of the right side of the back 
and right shoulder showed thickly set, greyish-white, in part very hard nodules; 
there were no subcutaneous neurofibromata, On the neck there were also leuco- 
dermoid areas resembling cicatrices. 

A peculiar symptom to be noted was the occurrence, every two weeks since 
the age of 14, of attacks of trembling and chilliness, with subsequent sensation 
of heat and sweats, It was learned that similar elephantiasis of the lower ex- 


Fig. 11.—Patient 5. 


tremities had existed in the four previous generations of the patient’s family, 
often in several members of the same generation. The tendency to this condition 
was apparently chiefly transmitted through the female members of the family, 
the other cases having oceurred in (1) the mother and mother’s brother; (2) 
the maternal grandmother and her brother and sister: (3) two sisters of her 
great-grandmother; (4) the maternal grandfather of mother’s mother. The 
family could not be traced farther back. For particulars see genealogical tree. 
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GENEALOGICAL Tree or A. L. (CASE 9). ELEPHANTIASIS NEUROMATOSA CON 
GENITA IN Five GENERATIONS, THE Members ITALICIZED Are THOSE 
AFFLICTED. 


Male, A. L.'s maternal grandmother's maternal grandfather 


1. Female (normal). 2. Female. 3. Femate. 


1. Female, (2) grandmother of A. L. 2. 3. 4. Female. 5, 6. 7. Male. ry 


1. Female (A. L.'s mother). 2. Female. 3. Male,.* 4. Female. 5. Female. 
— j 
| 
1. Female (A. L.). 2. 3. 4. 5. 6. 
Healthy Shealthy 3 healthy 4 healthy 
All healthy. children. children. children. children. 


* Both legs and feet greatly swollen; no tumors in the skin or elsewhere; no pigmentation. 


The next two cases show complicating sarcomatous transformation : 

Case 10.—In a woman 44 years old, of healthy family, there developed at the 
age of 26 years a fibroma of a nerve of the thigh which was extirpated but re 
peatedly recurred with the gradual formation of an infiltrating sarcoma of which 
she finally died, cachectic, at the age of 44. She had undergone ten operations 
in the course of eighteen years. She also had plexiform neuromata of the 
nerves of one thigh, multiple, circumscribed neuromata of the subcutaneous 
nerves of the trunk (Figs. 22 and 23) and numerous soft fibromata and pig- 
mented areas of the skin, chiefly of the trunk. 

All the cardinal symptoms of von Recklinghausen’s disease were 
present. Of particular interest was the development of sarcoma in con- 
nection with a plexiform neuroma of the thigh (see also the following 
case). 

Case 11.—A woman 32 years old (Fig. 24), from early childhood had small 
tumors of the trunk. Gradually there appeared numerous soft and hard fibro- 
mata of the skin, particularly of the chest and back, and numerous pigmented 
areas. When she was 28 years old a tumor formed in the left sciatic nerve 
which was removed and found to be a plexiform neuroma (Figs. 25 and 26) of 
a large part of the sciatic nerve with pronounced gelatinous and colloid degener- 
ation. Repeated recurrences took place and gradually the tumor assumed the 
character of an infiltrating sarcoma. Finally the whole sciatic nerve was trans 
formed into a cord 4 to 5 em, thick (Fig. 27) which adhered to the surrounding 
structures. On all the branches there were bean-sized, fusiform enlargements, 
with pronounced myxomatous degeneration. She died soon after leaving the hos- 
pital, presumably of recurrence, 

Case 12.—In a man 38 years old, who died of ileus, there were accidental 
necropsy findings of numerous yellowish-brown pigmented areas of the chest, 
back and neck, most of which were of pin-head size, others of the size of beans, 
and a few oval and very large areas on the lower part of the back and on the 
thighs (the largest measured 2 x 5 em.). Scattered on the trunk and arms there 
were numerous small soft fibromata, the overlying skin of which was white and 
unpigmented and partly covered with long hairs. They were most numerous on 
the chest and back. There was a soft, very prominent nodule of the size of a 
pigeon’s egg on the right shoulder. There were no distinct nodules on the nerves, 
of which the brachial plexus, pneumogastric and sympathetic nerves were dis- 
sected out. The tumors showed the structure of a fibroma rich in cells. 

Case 13.—In a woman 55 years old who died of an abdominal tumor the 
necropsy revealed: 1. Soft, freely movable cutaneous and subcutaneous tumors 
from the size of a pea to that of a nut. 2. Numerous thickly set brownish 
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spots on the abdomen and both thighs of the size of hemp-seeds, alternating with 
pigment free areas. There was also a carcinoma of the left ovary, with secondary 
infiltration of the omentum and extension to the peritoneum and pleure. Finally, 
there was in the mesentery a large nodular tumor mass with extensive central 
necrosis and softening of large portions. Microscopically this tumor was found 
to consist of large, spindle-shaped cells separated by scant intercellular substance, 
and large irregular cells with large nuclei rich in chromatin—on the whole, a de- 
cided sarcomatous structure. On the other hand, the ovarian and omental tumors 


Fig. 12.—Patient 5. 


showed distinct carcinomatous structure with cells of epithelial character ar- 
ranged in distinct clusters, some of which possessed central lumina. 

In this case we then had a combination of carcinoma, sarcoma and 
multiple soft fibromata of the skin. 


Case 14.—An unmarried woman 5114 years old had had nodules on the trunk 
from birth. At the necropsy numerous nodules from the size of a bean to that of 
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a nutmeg were found scattered over the entire trunk, especially on the chest, 
and also numerous, very small, in part scarcely visible, nodules covered by soft, 
smooth, as a rule non-pigmented skin. The largest were located on and about the 
areole of the mamme. On the chest there were 200 or 250 nodules, while those 
on the back were less numerous, but larger. On the neck there were some 
nodules of the size of a pea; a very few were found on the extremities. Several 
pigmented areas for the most part of the size of a hemp-seed, but also a few 
large ones, were present on the skin, especially that of the abdomen. She had 
also suffered for about fifteen years from a chronic disease of the larynx, prob- 
ably tuberculosis. About six months before the patient’s death a carcinoma of 
the larynx and tongue developed and gradually formed a large infiltrating tumor. 
No changes were found in the central nervous system, spinal ganglia, vagi, sym 


Fig. 13.—Patient 6. Plexiform neuroma in the left temple and left upper 
eye lid. 


pathetics, cervical plexus, or sciatic nerves and their branches. There was no 
demonstrable family history as far as the occurrence of tumors was concerned. 

Case 15.—The following very peculiar case of “elephantiasis congenita” is 
included, although it is very doubtful whether we are here really dealing with 
an instance of von Recklinghausen’s disease. It is that of a new-born infant, 
now an old specimen in the Museum of the Pathologie Institute of Christiania. 
Both parents had been healthy and had four other healthy children. This child, 
which was born at full term, had lived thirty-six hours. It cried and nursed 
well. The cause of death was a left-sided pneumonia. 

The appearance of the child (Fig. 28) is very peculiar, first suggesting 
lepra nodosa with the facies leonina. It is of the size of a full term child, being 
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49 em. long and weighing about seven pounds. On the whole, it is well propor- 
tioned, although the arms are rather long as compared to the trunk. The most 
conspicuous features are a peculiar thickening and numerous flat prominent 
nodules of the skin. The skin has the appearance of being too large, with the 
formation of folds, especially on the extremities. On the arms and legs there are 
numerous transverse wrinkles and grooves separated by thick folds of skin. This 
is also very pronounced on the whole head and especially on the face, which 
tor this reason has a peculiarly gruff expression. The eyes almost disappear in 
deep furrows between swollen eyelids, and the nose and ears look like nodular 
tumor masses. 

The thinnest and smoothest part of the skin is that of the trunk, but here 
also small nodules are seen in the form of numerous scattered, fairly well cir- 
cumseribed, small infiltrations, The nodules are most thickly set on the ex- 
tremities, on the legs and in the palms, where they vary from the size of a hemp- 
seed to that of a bean. The skin is also diffusely infiltrated over large areas. 
On incision of the nodular and thickened portions the thickening is found to be 
in the cutis and to measure as much as | em. 

The internal organs were found to be normal. Nothing was found in con- 
nection with the central or peripheral nervous systems. Microscopically, sections 


Fig. 14.—Case 6.—Plexiform neuroma. The white nerves with nodules have 
been dissected apart. 


from various parts of the infiltrated skin presented the same picture, namely, 
diffuse infiltration with numerous small, closely placed cells throughout the 
eutis and penetrating into the subcutaneous tissue. The cells are small, polygonal 
or round, with distinct, deeply stained nuclei and abundant cytoplasm. The bor- 
der of the infiltrations is diffuse, especially in the subcutaneous tissue. Any 
origin from the nerves could not be demonstrated. 

Epicrisis.—The histologic picture is most likely to be explained as tumor 
formation, resembling round-celled sarcoma or mycosis fungoides, but it also 
bears considerable resemblance to a granuloma. 


THE ANATOMIC CHARACTER OF THE DISEASE 


From the description of the cases (and from the illustrations) it 
will be seen that the essential symptoms of multiple neurofibromatosis 
are: multiple cutaneous tumors, pigment anomalies, tumors of nerves in 
their various forms, and elephantiasis-like formations. 
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The most frequent and almost constant change observed is the pres- 
ence of multiple tumors of the skin, the so-called mollusca fibrosa, which 
were found in all of our cases, though exceedingly variable in extent and 
size. Sometimes they are found by the hundred or thousand (Cases 4 
and 14). The size varies from the very smallest point to that of a hazel- 
nut or hen’s egg; sometimes they cause trouble by their size; ulceration 
may necessitate removal by operation (Case 3). They are most numer- 
ous on the trunk and particularly in places subject to mechanical pres- 


Fig. 15.—Patient 6. Pigmented and pigment-free spots. 


sure—for instance, about the waist. They are also relatively frequent on 
the neck, head and hips, but less so on the extremities. They are gener- 
ally soft, freely movable, not tender, and are partly located on the skin, 
partly in the deep portion of the cutis or in the subcutaneous connective 
tissue. When they are recent and in active growth they often appear 
as bluish-red or violet flat nodules or indistinct infiltrations in the skin, 
consisting of soft, edematous connective tissue poor in cells; later, when 
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Fig. 16.—Patient 7. 
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fully developed, this connective tissue is often rather rich in cells. As 
a rule these tumors are very irregularly distributed over the skin and 
show no distribution corresponding to that of nerves. 

At the same time one also sometimes finds tumors in the larger 


branches of nerves located in the subcutaneous tissue and deeper (for 


Fig. 17.—Patient 7. 


instance, Cases 4, 6, 10 and Fig. 22). They are most frequently found 
in the nerves of the extremities, as, for instance, on branches of the ulnar, 
median or sciatic, but are also seen on the intercostal, pheumogastric, 
sympathetic and other nerves. They are generally somewhat tender so 
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that pressure produces radiating pains. They are spindle-shaped, mov- 
able from side to side, but as a rule not from above downward. They 
generally cause trouble only by their location and size. Curiously 
enough functional disturbances are comparatively rare, especially motor 
phenomena ; occasionally, however, sensory disturbances are encountered. 


| 


Fig. 18.—Patient 8. 


The rarity of these disturbances is due to the fact that the nerve fibers 
in the tumors persist a long time without degenerating. If they are 
removed, functional disturbance is as a rule absent, possibly because other 
nerves have taken up their function. 
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But the tumor infiltration of the nerves may also show itself in dif- 
ferent forms, namely: as diffuse infiltration, diffuse fibromatosis of one 
or several nerves or of a nerve plexus. The infiltrated nerves then appear 


as swollen, cylindrical or nodular, tortuous and branching cords, grayish- 
white in color and as a rule firm in consistency. This condition is spoken 
of as plexiform neuroma (Figs. 25, 26 and 27), especially where connec- 
tion with nerves or a plexus is readily demonstrable (Cases 10 and 11). 
A bundle of racemose nodular masses which form a more isolated tumor 


Fig. 19.—Patient 8. 


with a single pedicle and without intimate connection with nerve trunks 
‘or a plexus we designate racemose neuroma or “Rankenneurom” (von 
Bruns) (Figs. 13 and 14). The extension here chiefly occurs in width 
and thickness. This form of tumor has certain favorite locations, such 
as the orbit and eyelids (Case 6), more frequently the upper lid (43 
out of 79 cases), the temples, the region of the ears (12 out of 79 cases), 
the back of the neck and occiput—in general the locations which are the 
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favorite seats of certain forms of elephantiasis. The ordinary plexiform 
neuromata have other frequent locations, such as the nerves of the ex- 
tremities, particularly the sciatic nerve and its branches, the vagi, svmpa- 
thetics, ete. 

The nerves sometimes are greatly swollen (Case 11) with simultane- 
ous mucoid or colloid degeneration and form thick Dranching cords up 
to 1 em. in thickness, or rather tubular formations with mucoid, thin 
contents (Figs. 25 and 27). In such cases it is not rare for secondary 
sarcomatous tumors to develop. 

Strangely enough pathologic changes in the central nervous system 
are rarely found in association with these tumors of the nerves. 

A peculiar and very interesting form of von Recklinghausen’s disease 
is constituted by the elephantiasis-like conditions occasionally met with, 


a 


Fig. 20.—Patient 9. Congenital elephantiasis of left lower extremity. 


the so-called elephantiasis neuromatosa (or pachydermatocele). This 
may depend upon a racemose neuroma (Rankenneurom) or a large tumor 
in the skin or a nerve being covered by thickened skin; or we may find 
a more diffuse thickening of the skin and underlying parts of so great 
an extent that real deformities result, for instance, elephantiasis of the 
feet (Figs. 20 and 21). The latter form constitutes the true elephantiasis 
neuromatosa. The most frequent locations are the feet, legs, hips, ex- 
ternal genitals, neck and face. As excellent examples we have Case 7, 
elephantiasis of the thigh; Case 8, of the face; and especially Case 9, 


with involvement of a whole lower extremity with pronounced hereditary 


tendeney (elephantiasis in five generations). This form is generally con- 
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genital, or at least appears in early childhood, and usually has a very 
slow, painless evolution. The skin over such thickened portions is gen- 
erally hard, uneven, rough (like shagreen), often arranged in folds like 


a ruff or ruche. At the same time we often find multiple tumors of the 


Fig. 21.—To the left. Cross-section through the thickened skin on the left 
leg of Patient 9, natural size; to the right for comparison, cross-section through 


normal skin. 


skin and nerves and pigment anomalies. Case 15 is included as an 


“elephantiasis-like” case, a counterpart of which I have not discovered 


in the literature. It is, however, very doubtful what we here have before 
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us. The thickening of the skin did not show any fibromatous structure 
and no connection was to be made out with thickened and infiltrated 
nerve trunks. 

Another pathologic finding frequently encountered in multiple neuro- 
fibromatosis is abnormal pigmentation. It is generally said to be present 
in 25 per cent. of all cases. This figure does not correspond with our 
experience, as pigment anomalies were found in all of our cases. At 
any rate they form a characteristic feature of the whole disease, not a 
mere coincidence. The pigmentation may be congenital (Cases 4 and 7) 
in the form of scattered small brown spots or nevi, or the discoloration 
is more diffuse. Frequently, however, the spots develop later in life and 
increase in number, size and intensity of color. They may be punctate, 
freckle-like and then they are often exceedingly numerous; or the pig- 


Fig. 22.—Plexiform fibroma of nerve (Case 10), natural size. 


ment may collect in large areas or more circumscribed patches which are 
then generally of a lighter, chocolate color. The shape is most frequently 
oval, but may be exceedingly irregular. It is very rare to observe a locali- 
zation corresponding to the distribution of certain nerves or a metameric 
distribution. It was not found in any of our cases. In the absence of 
pigmented areas the skin is often found to be very dark with a diffuse 
brownish pigmentation. The pigmented spots are also most abundant 
on the trunk, neck and face, but there is no demonstrable direct connec- 
tion between the spots and the tumors of skin or nerves. 

Sometimes spots or patches free from pigment are seen to alternate 
with the pigmented ones. Occasionally one also finds angiomata of the 
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skin (Case 2), and this is sufficiently frequent not to be considered mere 
accident but a true feature of the disease. It should be remembered that 
certain forms of angioma, especially the so-called angioma arteriale race- 
mosum, are frequently found together with pigmented nevi, or diffusely 
pigmented skin showing fibromatous thickening. It is more doubtful to 
what extent the rare cases of congenital multiple nodular angiomata are 
connected with or related to von Recklinghausen’s disease. In a rare case 
of this sort in a 7-year-old boy with multiple tumors of the left hand 


Fig. 23.—Cross-section through a small subcutaneous “neurofibroma” (micro- 
photograph); just below the center, cross-section of a nearly normal nerve 
bundle; in the upper part, cross-section through a nerve bundle in which the 
fibers are forced apart by the proliferation endoneurium from which the tumor 
originates. 


and forearm whom I had occasion to examine a few years ago there were 
none of the cardinal] symptoms of von Recklinghausen’s disease. 

It must be stated that all the phenomena described are not always 
found together. Most constant according to our experience are the fibro- 
mata and pigmented spots of the skin, while the tumors of larger nerves 
are less frequent. The elephantiasis-like conditions are still more uncom- 
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mon. As to other necropsy findings, the organs are usually found to be 


normal aside from congenital malformations which are occasionally met 
with. 
OTHER SYMPTOMS 

Aside from the “cardinal symptoms” one also finds in von Reckling- 
hausen’s disease a series of other “secondary symptoms” (“of the second 
order”), which are less reliable, as it is difficult to prove their actual con- 
nection with this disease. Here belong a series of psychic abnormalities 
which are encountered with relative frequency. The subjects are often 


Fig. 24.—Patient 11. 


dull and apathetic, of limited intelligence, or actually stupid, imbecile 
or idiotic. A striking example of such an imbecile of the Mongolian 
type is our Case 7. Congenital defects and malformations are not very 
rare, such as cranial defect, malformations of fingers, toes, crypt- 
orchidism (Case 4), etc. The entire skeleton may be imperfectly devel- 
oped with the appearance of nanism or cretinism. Such abnormalities 
are sufficiently frequent to be looked upon as symptoms of or links in 


the disease itself. 
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More doubt is attached to a series of vasomotor and trophic phe- 
nomena occasionally met with, such as certain peculiar joint affections, 
arthralgias and even arthritis deformans,* local asphyxia, peculiar at- 
tacks of unconsciousness, attacks of dizziness and cramps. Of doubtful 
connection are also certain osseous changes, such as a kyphoscoliosis of 
rapid formation (Case 8) which have been considered in connection with 
this disease as an expression of* general cachexia, which in turn should 
depend on multiple neurofibromatosis (Pierre Marie, Hoisnard ). 

A peculiar symptom probably belonging to the disease was observed 
in our Case 9 (that of a woman 25 years old with elephantiasis congenita 
of pronounced hereditary basis), namely, for many years the regular 
occurrence of chills with subsequent sensation of heat and discomfort 
so that she was often confined to bed for one or two days at a time. 
Similar cases have been described by Bryk, Esmarch and Kulenkamp/ff. 

It is also of a certain interest that we not rarely meet with menstrual 
disturbances, either total absence or late appearance of the menses. 

However, such secondary phenomena are often entirely lacking. When 
present they are of great interest, especially in cases in which the disease 
otherwise presents only one or a few of the cardinal symptoms, so-called 
incomplete forms or formes frustes which are relatively frequent and the 
true nature of which is more readily recognized when they occur in fam- 
ilies in which there are pronounced cases of von Recklinghausen’s disease. 


ETIOLOGY AND EVOLUTION, 


The disease occurs at all ages and in both sexes but apparently with 
greater frequency in men. According to the most extensive statistics 65 
per cent. of all cases are in men. This does not correspond with our 
experience, as of our fourteen cases ten were in women and four in men: 
our figures are, however, obviously too small to admit of conclusions. 

Hereditary disposition is not infrequently demonstrable on one or 
the other side of the family ; this has been observed in about one-fifth of 
all cases. The disease may appear in several brothers and sisters, or it 
may have occurred through several generations, and not uncommonly in 
different forms in different generations. “La neuro-fibromatose génér- 
alisée est congenitale toujours, héréditaire souvent et quelquefois famil- 
iaire’” (Feindel). Among our cases the disease was found in mother 
and daughter (Cases 1 and 2). Particularly interesting is Case 9 with 


8. In the interesting case of Hektoen and Preble (Am. Jour. Med. Se. 190] 
exxi, 1) there were, in addition to multiple tumors of cerebrospinal and sym- 
pathetic nerves, a polyarthritis deformans, kyphoscoliosis with ankyloses and 
contractures, and decubitus (mal perforans) and gangrene of one foot. 
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congenital elephantiasis in five generations, a unique or at least extremely 
rare observation. Nonne® has reported elephantiasis of the feet in eight 
members of the same family in three generations. 

The disease, or at least some of its symptoms, may be congenital. 
This is particularly true of cases of elephantiasis (Cases 8 and 9). 
Tumors of the skin have also been observed from birth (Cases 11 and 
14) but more often appear later. Congenital tumors of the nerves— 
multiple or isolated—have not been observed as far as known, although 
it certainly may be taken for granted that they have a congenital anlage. 
They sometimes are discovered in childhood (Case 6 and Case B), more 
often at the age of puberty, but also frequently at the ages of 40, 50 or 
60, when prolonged latency must be assumed, as the tendency is congen- 
ital. As has been stated, the pigmentations may be congenital. 

The evolution of the disease varies, but as a rule it is very slow, re- 
quiring many years. Most patients die with the disease, not from it. 
Ordinarily tumors and pigment spots in the skin begin to appear in 
smal] numbers; later new eruptions occur, often separated by intervals; 
at a more advanced stage tumors in nerve trunks and large cutaneous 
tumors appear. At a mature age the picture is usually very pronounced 
with numerous large tumors and extensive pigmentation. This is illus- 
trated in our Cases 1, 2, 3, 4 and 6. The eruption of new nodules and 
pigmented areas is sometimes, though rarely, arrested. On the other 
hand, the fibromata of nerves often cease to grow after having broken 
out in large numbers, and sometimes even after repeated recurrences after 
operations new nodules cease to appear, the disease having become sta- 
tionary (see the two cases, A and B, described in the beginning of this 
article). A large elephantiasis-like growth may develop slowly and 
steadily for years, then cease growing and become stationary (Case 8). 

External influences appear as a rule to exert little influence, though 
in certain cases the disease seems to have a predilection for places where 
traumatic insults may be operative. It has also been thought that cold 
and moisture may call forth new eruptions or hasten their development; 
likewise chronic irritative conditions of the skin, bad hygienic conditions, 
mental suffering; all this, however, is very uncertain. But there is 
reliable evidence that intercurrent infectious diseases and intoxications 
may have such influence. Experience has shown more rapid progress of 
the disease especially during certain physiologic periods, such as puberty, 
menopause, pregnancy, puerperium, lactation (see Case 6). 

Of great practical importance is the malignant metamorphosis of the 
tumors and especially the influence of surgical intervention in the course 


9. Nonne: Virchow’s Arch. f. path. Anat. [etc.] Berl., exxv. 
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of the disease. In this respect the different forms behave very differently, 
an important fact to know both in connection with prognosis and treat- 
ment. Removal of the ordinary soft fibromata only comes into considera- 
tion when they cause annoyance by their location or size; they are readily 
removed and do not tend to recur. The same is true of the ordinary 
slowly developing forms of elephantiasis, which as a rule do not recur. 
The racemose neuromata (Rankenneuromen) also develop rather slowly 


Fig. 25.—Drawing of a part of the plexiform neuroma of the sciatic nerve 
(Case 11). Here the tumor consists of a bundle of greatly thickened nerve 
fibers infiltrated with tumor tissue and matted together. On the cut surface are 
some of the thickened fibers that have undergone myxomatous and colloid degen- 
eration. 


and have a good prognosis; operative intervention does not seem to have 
an unfavorable influence on them. Our Case 6, however, seems doubtful 
in this respect. 
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The multiple deep-seated fibromata of nerves are also often removed 
with permanent cure, but in other cases rapid recurrence takes place. 
Even then, however, experience has shown that the disease may finally 
be arrested without further recurrence and without development into sar- 
coma (our first two cases, A and B, are good examples), but sarcomata 
have been known to develop, though slowly and after the elapse of many 
vears (Case 10). Most caution as to prognosis is necessary in the case 


of ordinary plexiform neuromata, as development into sarcoma here is 


Fig. 26.—Plexiform neuroma in the sciatic nerve and its branches (Case 11) 


not rare and sometimes operative intervention apparently hastens this 
development (see Cases 10 and 11), which has been given the undesirable 
name of “malignant degeneration :” the result is a rapidly growing infil- 
trating sarcoma. In many such cases it can not be denied that extirpa- 
tion has had an injurious influence. There is rapid recurrence at the 
site of operation or diffuse eruption of nodules over large portions of the 
nerve plexus. Caution, therefore, is advisable in attacking these tumors 
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surgically, and if operation be performed the nerves affected should be 
extirpated to the greatest possible extent: in the case of sarcoma ampu- 
tation ought to be performed (Thomson). Such evolution in the diree- 
tion of malignancy is not rare. If all forms are considered it occurs in 
about 12.5 per cent. of the cases. 

It is an interesting fact in connection with these growths that the 
simultaneous occurrence of other tumors is not unusual: such tumors 
may be benign or, more commonly, malignant, carcinomata or sarcomata, 
of external or internal organs. Our Cases 13 and 14 are good illustra- 
tions of this, Case 13 being especially noteworthy on account of the exist- 
ence of both sarcoma and carcinoma. The relationship of these tumors 
at present is inexplicable, but their coexistence in these cases can not be 
looked upon as mere coincidence, and it appears justifiable to assume a 


Fig. 27. 


through a greatly thickened and infiltrated nerve (to the left); to the right, 


Plexiform neuroma in the sciatic nerve (Case 11). Cross-section 


cross-section of a normal sciatic nerve for comparison, 


common disposition to formation of different growths. In this connec- 
tion one is also naturally reminded of recent cancer experimentation 
in which, for instance, on transplantation of mouse carcinoma a sarcoma 
gradually may be evolved. 

Is spontaneous recovery possible in multiple neurofibromatosis? Def- 
inite instances are scarcely known. It is not rare, however, for some 
nodules to disappear spontaneously, though it is hardly probable that 
subsidence of all the phenomena of the disease has been observed. That 


the disease may become stationary is an entirely different matter. 
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I do, however, know of one case of probable multiple neurofibro- 
matosis (occurring in Christiania) in which spontaneous recovery has, 
apparently, taken place. A man of 70 years, still living, between the 
ages of 30 and 35 had several eruptions of cutaneous nodules on the arms, 
legs and shoulders. The nodules were soft, not tender, of pea to walnut 
size, and were thought to have been multiple sarcomata, a diagnosis 
which had been confirmed by four professors of medicine who succes- 
sively examined the patient. An extirpated nodule was said to have 
shown sarcomatous structure and an unfavorable prognosis was made. 
The patient went to Kreuznach in two successive years to take the baths, 
and to the surprise of himself and his physicians all the nodules grad- 
ually and completely disappeared. ‘When I examined him in February, 
1908, there were no nodules to be found in the skin or nerve trunks, but 
there were several pigmented areas in the skin, some of which were 
rather large. The exact nature of this case can not be definitely deter- 
mined, but it does not seem improbable that the nodules were neuro- 
fibromata of the skin and nerves. 


PATHOLOGIC HISTOLOGY 


Extensive microscopic examination of extirpated nodules of skin and 
nerves and pigment areas has been made in nearly all cases described, 
and on several occasions in cases where repeated operations had to be per- 
formed. In this way it has been confirmed that the tumors of the skin 
develop from the small cutaneous nerves and not from the connective 
tissue surrounding glands, vessels, ete., as has been supposed, among 
others by von Recklinghausen. It has further been found (Cases 10 
and 13) that the tumors both of the cutaneous and larger subcutaneous 
nerves arise from the connective tissue portions of the nerves, their 
endo- and perineurium, and thus are to be looked upon as typical fibro- 
mata—which is in accord with general opinion. Most of the tumors 
are sufficiently characteristic to be recognized as fibromata, but not infre- 
quently there is such abundance of cells that one may be in doubt as to 
whether the tumors may not be atypical and malignant; there are some 
cases in which it is very difficult, from the structure of the tumors alone, 
to form a conclusion as to their nature. The decidedly atypical tumors 
appear like ordinary spindle-celled sarcoma (sometimes giant-celled sar- 
coma), but transitional forms which are encountered in the case of slowly 
growing and recurring tumors are very difficult to interpret. The 
transition into malignant tumors also is as a rule very gradual, and the 
histologic pictures correspond to this; hence these growths also illustrate 
the fact that no sharp line can be drawn between benign and malignant, 
typical and atypical tumors. 
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The question has been raised whether these tumors of nerves could 
possibly be due to a proliferation of the sheaths of Schwann, the cells of 
which are now generally supposed to arise from neuroblasts and to be of 


Fig. 28.—Subject in Case 15. 


ectodermal origin. In this case the tumors would be more nearly related 
to gliomata. No evidence has, however, been produced in favor of this 
view, such as the occurrence of larger, more homogenous, embryonal cells, 
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signs of abundant nuclear proliferation, syncytial bands analogous to 
those seen in regeneration of nerve fibers or intracellular differentiation 
with formation of nerve fibers. Nothing of this kind is found. We see 
only ordinary fibrous tissue with intercellular substance, and it is scarcely 
probable that the cells of the sheath of Schwann, if they really are neuro- 
blasts, should be able to produce ordinary connective tissue. It, there- 
fore, appears incorrect to regard this disease as ectodermal, as do some 
French authors. 

The racemose neuromata (Rankenneuromen) and the ordinary plexi- 
form neuromata have the same evolution. In the cases of elephantiasis 
described it was also possible with more or less certainty to prove the 
origin of the thickening from the connective tissue of the nerves, but 
no proliferation of the connective tissue of vessels or cutaneous glands 
was found. 

As to the nature of the disease, it must be looked on as a congenital 
anomaly, a form of malformation in the widest sense of the word, which 
has affected more or less extensive parts of the nervous system and also 
expresses itself in symptoms on the part of other portions of the organism 
or even in the entire constitutional makeup. This conception is based 
on various grounds: (1) the fact that the disease or some of its most 
prominent features may be congenital or at least arise in early childhood ; 
(2) that the disease often develops on a pronounced hereditary basis: 
(3) that the tumors show a primary multiplicity, which experience has 
shown to be a sign of congenital anomaly: (4) that the disease is not 
infrequently combined with congenital anomalies and malformations of 
various kinds. But it is often true that the congenital disposition re- 
mains latent for a long time and then, on account of various etiologic 
factors, calls forth tumors of skin and nerves. In what this congenital 
anomaly of the nervous svstem consists we know nothing, but we must 
assume that it is situated in and affects the connective tissue parts of the 
nerves. That the development of the tumors, as has been supposed, 
should be directly due to an influence exerted by the central nervous 
system is without foundation, and is, in itself, highly improbable, nor 
does the distribution and localization of the cutaneous tumors and pig- 
mented areas support such a hypothesis. The pigment anomalies, as 
constituting an important and very frequent symptom, must be con- 
sidered part of the whole clinical picture. Histologically the pigment in 
the skin was similar to that in all other accumulations of pigment, and 


| have not succeeded in establishing a connection between these pigment 


anomalies and pathologic conditions, tumors or other changes of the cor- 
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responding nerves. It appears reasonable at present, therefore, to look 
on the abnormal pigmentations as expressions of ihe same congenital 
disposition which has coincidentally caused the development of the abnor- 
malities of the nervous system, but their exact connection is for the pres- 
ent entirely in the dark. 


FURTHER OBSERVATIONS ON THE RELATION OF IODIN 
TO THE STRUCTURE OF THE THYROID GLAND IN 
THE SHEEP, DOG, HOG AND OX * 


DAVID MARINE, M.D., anp C. H. LENHART, M.D. 
CLEVELAND, OHIO 


INTRODUCTION 


In this report we have collected our observations on the relation of 
the iodin content to the structure of the thyroid to include sheep, ox 
and hog thyroids. It is thus only a continuation of the work previously 
reported’ concerning dogs’ thyroids. The methods used and the ana- 
tomic classifications adopted are the same as those fully described in the 
above-mentioned article and elsewhere.? 


COMPARISON OF THE 10DIN CONTENTS OF SHEEP, DOG, HOG AND OX 
THYROIDS WITH THEIR RESPECTIVE ANATOMIC STRUCTURES 
The following tables are compiled from iodin determinations made on 
the thyroids of 40 sheep, 67 dogs, 26 hogs and 37 oxen. As the basis of 
these tables we have used nine anatomic groups, viz. : 


1. Normal glands. 

2. Colloid glands (goiters). 

3. Colloid-early glandular hyperplasia. 

4. Normal-early glandular hyperplasia. 

5. Early-glandular hyperplasia. 

6. Early-moderate glandular hyperplasia. 
7. Moderate glandular hyperplasia. 

8. Moderate-marked glandular hyperplasia. 
9. Marked glandular hyperplasia. 


The normal and colloid groups are well defined, while the remaining 
seven groups are purely arbitrary divisions of the hyperplasias made for 
the purpose of facilitating analysis, since in reality one has to deal with 
a continuous gradation of hyperplastic changes occurring in either nor- 
mal or colloid glands. In order to express this gradation, we have used 
the following terms: normal-early glandular hyperplasia to include 


*From the Laboratories of Experimental Medicine and Pharmacology, West- 


ern Reserve University. 

l. Marine (David) and Williams (W. W.): THe Arcuives INT. Mep., 1908, i, 
349. 

2. Marine (David): The occurrence and physiological nature of glandular 
hyperplasia, ete. Johns Hopkins Hosp. Bull., 1907, xviii, 359, 
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those glands showing the very earliest hyperplastic changes occurring in 
normal glands; colloid-early glandular hyperplasia to include glands 
showing the earliest hyperplastic changes occurring in colloid glands, 
and the terms early, moderate, marked, etc., to include the other grada- 
tions up to and including the most extensive glandular hyperplasias met 
with. 

In placing these glands in these several anatomic groups, we have 
compared all the glands of the four animals, the one with the other, in 
order that the same standard of classification might obtain in all. 

In each of the following tables we have listed for comparison the 
iodin contents of sheep, dog, hog and ox thyroids having the same ana- 


tomic structure. 
TABLE 1.—NoORMAL GLANDS * 


No. Iodin per gm. dried. lodin per gm. fresh 
Animal. Cases. >} M. A. EB. M. A 
19 4.614 2.288 2.467 1.318 0.694 0.686 
1,247 0.318 
4.722 1.064 
3 3.205 3.322 0.757 0.777 
1.990 0.512 
4.153 1.456 
eee 18 2.412 2.515 0.778 0.884 
1.538 0.425 
4.768 1.592 
2.730 0.892 


“ — each table E., M., A. are abbreviations for extreme, mean and average, respec 
vely. 

It will be seen that the upper extremes of iodin contents are fairly 
constant for all four animals, while the lower extremes show moderately 
wide variations, although the lowest of these lower extremes is always 
far in excess of the highest extremes of the succeeding group—normal- 
early glandular hyperplasias. This would indicate that there are con- 
siderable variations in the iodin contents within the group, even when 
no noteworthy anatomic changes are observed, although if individual 
comparisons of the iodin contents with the corresponding histologic prep- 
arations be made one can distinguish changes in the structure (too 
slight to warrant the introduction of a new group) corresponding to the 
variations in the iodin content; that is, glands with the highest iodin 
contents have a more flattened alveolar epithelium and vice versa, al- 
though all these glands appear in the table as normal. 

The average iodin contents for the four animals show a surprising 
constancy and parallelism, viz.: 2.467 mg. for the sheep, 2.515 for the 
hog, 3.322 for the dog and 3.461 for the ox per gm. of dried thyroid 


1 
. 
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The ox thyroids in our series have distinctly higher iodin contents than 
either the dog, sheep or hog. To know whether this is normally true 
would be of value in determining what relation exists between the nor- 
mal iodin content and the normal weight of the thyroid, since oxen ap- 
pear to have less thyroid per kilogram of body weight than do the other 
animals mentioned. From the experimental side it has been definitely 
shown that the amount of iodin in the thyroid does to a great extent 
control the size of the gland. 


TABLE 2.—CoLLoip GLANDS 


No. Iodin per gm. dried. Iodin per gm. fresh. 
A. E. M. A. 


Animal. Cases. E. M. 

3.691 1.027 

3 3.529 2.996 0.974 0.818 
1.769 0.455 
3.608 1.039 

8 1.816 1.985 0.406 0.459 
0.846 0.132 
2.768 0.805 

1.938 0.557 


Owing to the small number of cases included, it is not possible to 
speak very specifically. However, in all three animals in which colloids 
were observed the upper extremes of iodin content are fairly constant, 
while the lower extremes show moderate variations. This agrees with 
what was observed in the normal glands, and our explanation is the 
same. Another point worthy of note is that, while the iodin per gram of 
colloid gland is in general lower than that of normal glands, yet, as will 
be seen, they approach nearest to the normal iodin content so far as we 


have found and may be raised to an equal content with the normal 


glands. 
Tasie GLANDULAR HYPERPLASIA 
No. Iodin per gm. dried. lodin per gm. fresh. 
Animal. Cases. E. M. A. E. M A. 
1.000 0.282 
0.853 0.792 0.201 0.206 
0.461 0.138 
1.443 0.302 
0.431 0.125 
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Table 3 and Table 4 deal with the most important anatomic and 
chemical changes concerned with the production of goiter, in that they 
represent the first deviation or change from the normal-colloid or quies- 
cent glands. Colloid-early glandular hyperplasias differ from normal- 
early glandular hyperplasias in that the former are secondary® hyperpla- 
sias, while the latter are primary. It is to be regretted that more colloid- 
early glands were not obtainable (the probable reason for this will be 
pointed out later). The extremes show a fair constancy. In the sheep 
the highest extreme iodin content is below the lowest pure colloid ex- 
treme. In the case of the dog this is in genera] true, though there are 
exceptions which we are not able to explain. The existence of these ex- 
ceptions suggests, however, that from the histology alone one is unable 
to say whether a given gland is undergoing further hyperplasia from a 
less marked hyperplasia or vice versa. The averages also are constant 
and in every instance show the great drop in the percentage of iodin 
from that of pure colloid glands. This drop is, as will be seen in Table 
4, identical with that occurring between the normal and normal-early 
glandular hyperplasia. Between no other groups are there comparable 
drops. This means that in both colloid and normal glands there are 
wide variations in the amount of iodin present, but that there is a quite 
constant lower limit of the iodin content necessary to maintain normal 
gland or pure colloid gland structure, and that this lower limit for col- 
loids is slightly in excess of 0.217 mg. per gram of fresh thyroid for 
dogs and 0.206 mg. per gram of fresh gland for sheep, corresponding to 
0.792 mg. and 0.945 mg. per gram of dried gland, respectively. 


TABLE 4.—NORMAL-EARLY GLANDULAR HYPERPLASIA 


No. lodin per gm. dried. lodin per gm. fresh. 

Animal. Cases. e. M. A. E. M. A 

1.296 0.318 

7 0.815 0.879 0.153 0.174 
0.483 0.018 

2.676 0.726 

7 2.307 2.317 0.653 0.628 
2.000 0.482 


Table 4, together with Table 3, deals with the most important thy- 
roid changes concerned in the production of goiter. It is seen that the 
highest extremes of iodin content are invariably below the lowest extreme 


3. Secondary in the sense that this is the second time these glands have 
undergone active hyperplasia. 


| 
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iodin contents of normal glands. This is even more evident with the 
means and averages. The table also shows that there is considerable 
difference between the average iodin content of sheep’s thyroids and that 
of oxen thyroids, just as was seen to be true of the normal glands of 
these animals. It suggests, as was stated under Table 1, that oxen nor- 
mally have more iodin and less thyroid per kilogram of body weight. 
In accordance with this, hyperplastic changes are manifest with an 
iodin content nearly four times that of the sheep’s thyroids. But the 
most striking thing, just as in the colloid-early glands, is the great drop 
in iodin content from the normal, which must occur before hyperplastic 
changes are observed. The table shows that the lower limit of iodin 
necessary for the maintenance of normal structure is somewhat in excess 
of 0.176 mg. per gram of fresh gland for sheep, 0.174 for dogs, 0.337 
for hogs and 0.628 for cattle, or 0.677, 0.879, 1.230, 2.317 mg. per gram 
of dried gland, respectively. 


TABLE 5.—EARLY GLANDULAR HYPERPLASIA 


No. _Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. EB. M. A. E. M. A. 
0 
1.028 0.235 
9 0.654 0.625 0.113 0.139 
0.243 0.063 
1.158 0.291 
1.046 0.279 
2.186 0.615 
Ox 3 1.630 1.646 0.456 0.462 
1.123 0.314 


In the group of early glandular hyperplasia the iodin contents are 
still further lowered and the drop is practically the same in al] four 
animals. The ox thyroids still show higher iodin contents than the other 
animals’ glands for the same degree of thyroid hyperplasia as was also 
noted in the normal and normal-early glands. 


Tasie GLANDULAR HYPERPLASIA 


No. Iodin per gm. dried. Iodin per gm. fresh. 
Anima! Cases. E. M. A. E. M. A. 
Sheep 0.548 0.131 
Dog 
0.846 0.241 
0.769 0.795 0.233 0.224 
0.769 0.198 
1.030 0.252 
Ox 5 1.000 1.000 0.222 0.226 


0.205 
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In the table of early-moderate glandular hyperplasia are collected 
those glands which histologically show a degree of epithelial prolifera- 
tion (hyperplasia) too pronounced to be considered as early glandular 
hyperplasia and not sufficient to be classed as moderate glandular hyper- 
plasia. As regards their iodin contents, the upper extremes are in every 
instance lower than the lower extremes of the preceding group (early 
glandular hyperplasia). So also the average iodin contents are about 
as much below those of the group of early glandular hyperplasias as the 
early glandular hyperplasias are below the group of normal-early glandu- 
lar hyperplasias. 


TABLE 7.—MopERATE GLANDULAR HYPERPLASIA 


No lodin per gm. dried. lodin per gm. fresh 
Animal. Cases. E M. A. E. M A 
0.854 0.136 
0.345 0.368 0.076 0.078 
0.101 0.026 
0 


There being no glands from hogs or oxen and but one from the sheep 
series that histologically belonged to the group of moderate glandular 
hyperplasia, comparisons are impossible. The average iodin contents of 
the cases recorded are as usual below those of the preceding group. 


TABLE 8.—MODERATE-MARKED GLANDULAR HYPERPLASIA 


No. lodin per gm. dried, lodin per gm. fresh 
Animal. Cases. BE M A bE M. A. 
0.092 0.014 
rer 5 0.024 0.031 0.003 0.004 
0.000 0.000 
0.660 0.109 
9 0.231 0.283 0.042 0.055 
0.058 0.011 
0 
GE 0 


In the group of moderate-marked hyperplasia also there are but two 
animals represented. The extremes of iodin content in the dog thyroids 
are widely separated. As has already been pointed out, it is impossible 
to tell from the histology alone whether a given gland is undergoing 
further hyperplasia or is reverting to a lesser degree, in which latter 
event the iodin would be higher. Another factor must also be considered, 
that is, that dogs live under far less constant conditions than sheep and 
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oxen. It will be shown later that the more constant the conditions of 
life the more constant are the iodin contents. The averages show the 
same drop in the iodin contents proportional to the degree of increase of 
the hyperplasia. 


TaBLe 9.—MaARKED GLANDULAR HYPERPLASIA 


No. lodin per gm. dried. lodin per gm. fresh. 
Animal. Cases. E. M. A. E. M. A. 
0.036 0.006 
6 0.000 0.006 0.000 0.001 
0.000 000 
0.640 0.123 
18 0.073 0.114 0.014 0.023 
0.008 0.002 
0.270 0.062 
5 0.215 0.189 0.042 0.041 
0.077 0.016 


Table 9 includes those glands having the most marked degree of 
thyroid hyperplasia and in consequence the lowest iodin contents. The 
only glands in which no estimable amount of iodin was found were in 
sheep, although, histologically, the degree of hyperplasia was no greater 
than in other glands which showed traces of iodin. The average iodin 
contents are all lower than the averages of the preceding group. So 
also the extremes are lower except in dogs’ thyroids, in which the same 
wide variations are noted as in Table 8. Our explanation is the same. 


SUMMARY AND DISCUSSION 
Table 10, showing average iodin contents, has been introduced both 
as a summary and to emphasize the relation which exists between the 
iodin contents and the corresponding histologic structure. 


TABLE 10.—AVERAGES 
Sheep. Dog Hog Ox. 


Anatomic lodin per gm. lodin per gm. Todin per gm. lodin per gm. 
Groups. Dried. Fresh. Dried. Fresh. Dried. Fresh. Dried. Fresh. 
aa 2.467 0.686 3.322 0.777 2.515 0.884 3.461 1.117 
Normal-early .... 0.677 0.176 0.879 0.174 1.230 0.337 2.317 0.628 
0.625 0.139 1.102 0.285 1.646 0,462 
Early-moderate .. 0.548 0.131 0.262 0.082 0.795 0.224 1.000 0.226 
Moderate ....... 0.400 =0.091 0.368 0.078 
Moderate-marked. 0.031 0.004 0.283 0.055 
Marked ......... 0.006 0.001 0.114 0.023. ..... 0.189 0.041 
2.996 0.818 1.985 0459 2.353 0.681 
Colloid-early .... 0.792 0.206 0.945 0.217. ..... 


Since colloid glands differ from norma] glands essentially in that 
they have undergone active hyperplasia, two series (1), normal, and 
(2), colloid, must be recognized. Taking up the normal series, which is 
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practically complete in that it contains all the gradations of hyperplasia, 
it is seen that in all four species of animals the strictly normal glands 
have the highest iodin contents and those with marked glandular hyper- 
plasia the lowest. The intervening groups show progressive decline, 
depending on the extent of the hyperplasia. The greatest drop in iodin 
content between any two successive groups occurs between the normal 
and the normal-early glandular hyperplasias, that is, those glands show- 
ing the earliest histologic deviation from normal. This great drop 
occurs with all four species and is similar in nature to the drop which 
occurs between the pure colloid glands and the colloid-early glandular 
hyperplasias. As has been said, this drop suggests that there is a mini- 
mum iodin content necessary for the maintenance of the normal or col- 
loid state of the gland, and, since the amount of iodin present in normal 
or colloid glands is, as a rule, far in excess of this minimum, it is possi- 
ble that this difference represents the reserve or factor of safety. 

Certain details of this relation of iodin to the structure of the glands 
are more clearly shown in the full Tables 11, 12 and 13. Here it will 
be seen that by arranging the iodin contents in series from minimum to 
maximum, the glands are also arranged in series according to their his- 
tology, their colloid contents and their weights. In other words, the 
weights of the glands vary directly with the degree of hyperplasia and 
inversely with the percentage iodin content; the stainable colloid varies 
inversely with the degree of hyperplasia and directly with the iodin con- 
tent, and the degree of hyperplasia varies inversely with the iodin con- 
tents (the norma] and colloid series being, of course, considered sepa- 
rately). 

It is also noticed that within any anatomic group there is consider- 
able variation in the iodin contents. This is for the greater part due 
to the arbitrary anatomic groups, since the glands show histologic varia- 
tions corresponding to the iodin variations, but not sufficient to warrant 
separate grouping. In other words, the arbitrary groups but imperfectly 
represent the gradations which the complete tables fully picture. 

It may also be added that no special stress is laid on the actual figures 
of the iodin determinations, but only their relative importance as a 
series has been considered. Other observers with other methods may 
obtain different figures, but the relation between the iodin content and 
the gland structures, we believe, will always be found constant. 

Passing now to the colloid series, it will be seen that only two groups 
of colloid glands have been observed: (1) pure colloids, (2) colloid-early 
glandular hyperplasia. This is noteworthy because in our human col- 
lection (to be reported), using the same anatomic classification and 


Case 


No. 


Age. Sex. | 


Condition 
Locality. 


10 mos. M .*, Good Iowa.. 
10 mos. M 
10 mos. F 
10 mos. M 
10 mos, F 
9 mos, F 
10 mos. M 
10 mos M 
10 mos, F 
11 mos. M 
| 9 mos, F 
10 mos. F 
10 mos. M 
10 mos. F 
10 mos. F 
10 mos. M 
| 8 mos. M 
| 8 mos. M 
| 8 mos. F 
8 mos, M 
| 2yrs. P.. 
110 mos. M Iowa 
mos M 
10 mos. M 
10 mos. F 
| 8 mos. F 


*Age estimated by butchers. 


Weight of Gland, 


~~ 


? 
? 


Color. 


Fleshy red 


TABLE 11.—PIGS’ THYROIDS 


_|Moderately Reduced.|..|..!.. 


5 
l-Early. 
Early 
arly-Moderate 


carly. 


E 
E 


soft. 


. Moderately 


Yellow-red, transluc.. 


Clear yellow-red 


Pale yellow, transluc 


Clear yellow-red . 


soft. 
Moderately 
soft. 
Moderate.... Visible. 


Firm 
Normal..|+}..). 
+ 
+ 
+}. 
‘ +| 
| 


1} 


Moderate. 
Moderate-Marked. 


lodin per gm. 


Marked. 


Dried. 


3 


0.769 


or gm. 


Fres 


lodin 


| 
| 
P. 2 .......... om 0.198 
P.17 1.046 0.279 
4 ? zx ‘ ..| 1.538) 0,425 
P. 18 1.538) 0.553 
P. 5 j |“ 1,988) 0,528 
P19 1.988} 0.557 
P. 2h 1,988) 0.596 
P. 20 1988) 0.608 
| P. 4 1984) 0.974 
P. 2% } 1.997) 0.601 
P. 10 | “ 2.80%] 0.783 
P. 23 2.597] 0.887 
P. 14 2.695] 1.071 
P. 9 2.768) 0.940 
P. 8 2.768) 0 805 
P. 1 8.280) 2.121 


General. 


| 


| Condition. 
Locality 


'Northern 

| Ohio. 
|Northern 

| Ohio. 

| Michigan. 


Young steer.* Good .. 


| 


.|Calf, female. Poor .. 


\Young steer.|Good ..|Northern 


|Northern 
Ohio. 


|Northe 


io. 
| Ohio, 
|Northe rn 
Ohio. 
lNorthers 
Ohio. 
|Northern 
Ohio. 
Northern 
\Northern 
Ohio. 


xast.. 


| 
| | 
.|Young bull.. 


|Young steer. 


“ 


| 
| 

a | “ 
| 
| 
| 
| 
| 
| 
| 


| 
| 
| 


| 
| 
| 
| 


Ohio. 


Ohio. 


_ TABLE 12. —CATTL E THYROIDS 


Gross. 


~ | Weight of Glands 


in zms. 


| 41 ‘Opaque, pale brown. Soft 
53 Very pale brown 


370 


13 |Dark brown-red Moderate. .. | Visible 


| 27 |Brown red 

| 
17 |Dark brown-red 


| 
16 | Translucent, brown- 
red, 
19 |Pale brown, 
lucent. 
| 16 brown, 
lucent. 
13 | Brown red, 
| cent. 
2 |Brown 


trans-| Firm 


trans- 


“ 


transln- 
translu- 


| 12 
12 brown-red, 
trans 
Pale brown-red 
| | translucent. | 
13 |\Very pale yellow 
brown, transluc. 
| 12 — yellow brown, 
translucent. 
| 13 ‘Pale yellow brown, 
| translucent, 
5|Pale yellow brown,| 
translucent. 
|Pale yellow brown,) 
translucent. 
\Yellow-brown, 
translucent. 
Pale brown, trans- 
lucent. 
|Pale brown, 
| lucent. 
Pale brown, 
lucent. | 
|Brown red, translu- 
cent. 
\Pale yellow, 
| lucent. 
Pale yellow, 
| lucent. 
iPale yellow, 
lucent. 
Pale yellow, 
lucent. 
iPale yellow, 
lucent. 
|Pale yellow, 
lucent. 

2 |Pale yellow, 
| lucent. 
|Pale yellow, 
| lucent. 

3 yellow, 
13 
lucent. 

1 |Pale yellow, 
| lucent. 

11 |Pale yellow, 
lucent. 


trans- 


trans- 


trans- 
trans- 
trans-| 
trans- 
trans-| 
trans- 
trans- 
trans- 
trans. 
trans-| 
trans- 


trans- 


| 

Color. | Consistency. Colloid. 

| 


Normal. 


Microscopical. 


*i.e. 
+General term among cattlemen, 


3to5 yrs. as estimated by cattlemen. 


meaning any part of Great Plains. 


Normal-Early. _ 


Ear 


y-Moderate. 


erate, 


erate-Marked. 


| Chemical. 


lodin, per gem., 
Fresh. 


“ 
| | | ae. 
| | | 
= 
C. Absent 0.077] 0.016 
C. 30 “ * 0.288) 0.082 
| 
C. 40,| 0.960) 0.205 | 
C. 31 | wy 1,080) 0,222 
C. 37 “ 1.000] 0.248 
C. 38 “ 1.090) 0.282 
C. 32 “ | 1.680 0.456 
c.6s,| “ “ 2.088} 0.482 
ce) * “| * “ 8.680) 1.152 
C. M4. “ “ | | | 4.153 1.347 


Gross 
| 
| 
| Color. Consisteney .| Colloid. 
2 | 
| 
Seville, 9.0 Gray red, translu- Soft Visible... -- 
Ohio. cent. 
Seville, 115.0 Gray red, opaque... .|\None.... 
Ohio 
Seville, 8.0 " 
Ohio. 
Seville, 55.0 
Ohio. 
? 10.0 * 


Seville, 


Ohio. 


_Seville, 


General. 
Age. Sex. 
S 33.\F 8 mos... Good.. 
M. 10 mos 
S. 39.|M. 9 mos... 
8, 45. M.8 mos. 
8, 2.| 7 8 mos... 
S. M.9 mos.. 
8. 38. M. 10 mos. 
S. 3. F.9mos.... 
Ss. liyr 
S. 21.\M. lyr. 
8S. 49. 8 mos 
S. 47. M.9 mos. 
§. 32. F. 4 yrs Fair. . 
8. 43. F. 5 yrs 
51. M.9 mos... Good., 
S. 30. M.9 mos... 
S. 4. F. Syrs Fair, .. 
52.| ?iyr Good.. 
?iyr 
$.55  ?iyr 
S. 48. F.9 mos... Fair. . 
S. 63. F. 3 yrs.... Good.. 
S. M.2 yrs. 
8. ? lyr 
8. 60. F. 3yrs Fair. 
61. F. 3 yrs 
S. F. 4 yrs 
8. 65. F. 4yrs 
S. 4. F.4yrs 
67. ?iyr 
8, 87.| Tiyr 
8. F. 4 yrs 
F.3yrs.... 
66. F. 3yrs 
Good.. 
S. 64 yr.... 
S 19 M. 2yrs..../Excel- 
M. 1yr. Good. 
S. 68.'M.10mos..| 


Ohio, 
Seville, 
Ohio. 


Seville. 


Ohio. 
” 


. Northern 


Ohio. 
Northern 
Ohio. 


. Nort hern 


Ohio. | 


. Northern 


Ohio. | 
? 


? 
Northern 
Ohio. 
Northern 
Ohio. 
Northern 
Ohio. 
? 


Nort hern| 
Ohio. 
1 


? 


Northero 


Ohio. 


TABLE 13.—SHEBP TH 


120.0 Gray, translucent.. 


130.0 “ “ 
100 


6.0 a red, granu- 


ar. 


64.0 red, granu- 
ar. 


48 0 Opaque, red, granu- 


ar, 
6.0 Red-gray, translo- 


cent. 
370.0 Red-yellow, 
lucent. 
15.0 Red-yellow, 
lucent. 
18.0 Red-yellow, 
lucent. 
16.0 Red-yellow, 
lucent. 
25.0 Clear yellow, 
lucent. 
5.9 Clear yellow, 
lucent. 
67 Clear yellow, 
lucent. 
65 Clear yellow, 
lucent. 
5.9 Clear yellow, 
lucent. 
8.0 Clear yellow, 
lucent. 
58 0 Clear yellow, 
lucent, 
4.5 Clear yellow, 
lucent. 
8.0 Clear yellow, 
lucent. 
8.5 Clear yellow, 
lucent. 
8.0 Clear yellow, 
lucent. 
85 Clear yellow, 
lucent. 
6.0 Clear yellow, 
lucent. 
7.5 Clear yellow, 
lucent. 
5.4 Clear yellow, 
lucent. 
7.0 Clear yellow, 
lucent. 
8.0 Clear yellow, 
lucent. 


7.5 Clear yellow, 


lucent. 

6.55 Clear yellow, 
lucent. 

8.0 Clear yellow, 
lucent. 

52.0 Clear yellow, 
lucent. 

6.4 Clear yellow, 
lucent. 

7.5 Clear yellow, 
lucent. 


trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans 

trans- 
trans- 
trans- 
tran-- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 
trans- 


trans- 


YROIDS 


Moderate.. .. 


Firm 


Visible.. 


None.. 


Visible.. 


Normal. 


Visible.. 


Normal, 


Microscopical. Chemical. 
= 
-| 16 
| 8.18 
| 
Sc | SE 
i- 
= |-|-|-|- 
0.000 0.000 


? -| 0.461, 0.138 

“ 2.602) 0.408 

“ 1.960] 0.456 

“ 202) 0.828 

+}..].. 3.058] 0.872 

“ 2.500) 0.890 
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methods, the colloid series will contain sufficient gradations of the hyper- 
plasias to parallel the normal series throughout and will be discussed 
with equal emphasis. 

These two groups of colloid glands suffice, however, to illustrate, 
first, the fact that pure colloid glands of the different animals have iodin 
contents very closely approaching those of normal glands, and, second, 
that colloid-early glandular hyperplasias have iodin contents similarly 
close to those with normal-early glandular hyperplasias. We believe 
that if all the conditions (diet, ete.) could be strictly controlled the 
iodin content of colloid glands would absolutely parallel] those of normal 
glands and that a like parallelism would be seen throughout the grada- 
tions of hyperplasia of both the normal and colloid series. 

The probable reasons why we rarely obtain colloid glands in sheep, 
cattle and hogs are (1) that they are killed at an age when the natural 
occurrence of colloid glands is rare, and (2) that the conditions of life 
(as regards habits, food and locality) are more constant than obtain 
for man or dogs. 

So striking a uniformity in the anatomic changes for widely different 
animals can not be without significance. It suggests that the etiologic 
factor or factors in the production of thyroid hyperplasia (goiter) are 
probably the same in all these animals. The constant relation between 
structure and iodin content suggests that iodin is a common factor in 
all these animals. 

It seems fair to infer from this comparative study of anatomic struc- 
ture and iodin content that iodin is a very important factor, acting in 
the same direction and manner in all classes of animals in which hyper- 
plasias (goiterous changes) are observed, and that, therefore, for a gen- 
eral study of goiter, any of the animals mentioned may be used as a 
basis, and the results be applicable to man. 


Norte.—In conclusion we wish to thank Professors Torald Sollmann and 
G. N. Stewart for their careful criticisms and suggestions. 


EXPERIMENTAL MYOCARDITIS * 


MOYER 8S. FLEISHER, M.D. anp LEO LOEB, M.D. 
PHILADELPHIA 


During the course of our experiments regarding the influence of 
various substances and conditions on the production of edema it was 
deemed advisable to use some animals in which there was a heart lesion 
in order to note the effect of chronic myocarditic lesions on the produc- 
tion of ascites, intestinal fluid and urine. 

Experimental lesions of the myocardium have been produced and 
described by a number of observers. Ribbert,’ by injecting intravenously 
cultures of Staphylococcus pyogenes aureus into rabbits, was able to pro- 
duce both endocardial and myocardial lesions, the latter consisting of 
a central necrotic area surrounded by a wall of polynuclear leucocytes; 
none of the animals treated in this manner survived the injection for 
any great length of time. Zwaschkewitsch? found that the hearts of 
animals exposed to high temperatures for a considerable period of time 
showed a cloudy swelling of the muscle fibers; Litten,® Naunyn,‘ Nas- 
aroff,® Werhovsky® and Welch’ found that animals exposed to a tempera- 
ture of about 40 degrees for several days showed not cloudy swelling but 
fatty degeneration of the heart muscle. 

Many investigators have studied the changes produced in the heart 
by the diphtheria bacillus. Babes* has shown that the effects produced 
by the injection of diphtheria toxin are the same as those produced by 
the inoculation of the organisms themselves. Charrin,® Welch and 
Flexner,’ Mollard and Regaud'' and Flexner’ have described the 
cardiac lesions caused by this toxin and found, as the principal condi- 
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tions, fatty metamorphosis of the muscle fibers, swelling and elongation 
of the nuclei, atrophy of the fibers with an increase of the sarcoplasm of 
the fibers (atrophie hyperplasmique—Mollard and Regaud), interstitial 
edema and infiltration of leucocytes. In their later communication Mol- 
lard and Regaud'* find increased connective tissue replacing the lost 
muscle substance; this does not appear, however, until several months 
after the injection of the toxin. Tallquist,’* by the injection of cultures 
of streptococci directly into the heart muscle, produced suppurative areas 
and degeneration of the muscle fibers. Baumgarten'® produced heart 
lesions in dogs by ligation of branches of the coronary vessels and foun: 
under such conditions degeneration of the muscular substance and subse- 
quent replacement by connective tissue. 

Since within the past five years adrenalin has been so widely used 
in the production of arterial lesions in rabbits, a number of observations 
have been made as regards the effect of this substance in producing heart 
lesions. These lesions have been variously described as hypertrophy, in- 
terstitial myocarditis or necrosis of the myocardium. 

K. Ziegler,’* in some experiments regarding the effect of repeated 
injections of small doses of adrenalin in producing arterial lesions, found 
-ardiac lesions in a large percentage of his animals. As early as six days 
after the first injection, the animal having received in all six injections, 
he found hemorrhage and edema of parts of the myocardium, round- 
cell infiltration at various places and vacuoles in the muscle fibers. 
After a large number of injections, and ten days after the first injection, 


he noted the presence of increased connective tissue which takes its origin 


from the blood vessels and the endocardium. At a later period he speaks 
of the occurrence of anemic infarcts and areas of induration, and seven 
months after the first injection Ziegler finds a hypertrophic condition of 
the heart. 

Pearce’? examined a group of animals which received from seven to 
fifteen injections and which were killed at various periods after the first 
injection ; he also reports on another group of animals which died imme- 
diately after the injection and which had received from one to five injec- 
tions. He did not report any chronic myocardial lesions which followed 
one injection. In animals which died immediately after one injection 
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of adrenalin he noted edema separating the muscle fibers, which showed 
irregular swellings and a lessened clearness of the striations. In all the 
other animals in which he described myocardial lesions these appeared 
after a series of injections and were examined at various periods after 
the first injection. There could be seen increase of the connective tissue, 
swollen nuclei, the appearance of a non-staining zone about the nuclei, 
and loss of striations. In the late stages the fibers were swollen, often 
vacuolated, and appeared to have undergone a hyaline transformation. 
We find that on the whole Pearce’s results confirm the findings of 
Ziegler ; both report early degenerative changes in the muscle fibers, and 
these are followed by an increase of connective tissue. 

Gréber"® has described a cardiac hypertrophy which was proportion- 
ate to the number of injections of adrenalin, and the occurrence of vas- 
cular lesions, and he believes that the hypertrophy of the heart is due to 
the vascular lesions. 

These publications regarding the production of myocarditic changes 
by the repeated injections of adrenalin do not give sufficient data, or the 
number of the experiments is so small that no conclusion can be drawn 
as to the frequency of their occurrence. It has, furthermore, been impos- 
sible to give an accurate description of the sequence of the changes in 
so far as the various specimens examined differed, not only as regards 
the time which had passed since the first injection, but also in regard 
to the number of injections and the quantity of adrenalin used. There 
are, therefore, a number of variable factors present in each rabbit 
which do not permit of an accurate determination of the importance of 
the time factor. Furthermore, if we wish to use a large number of 
animals with myocardial lesions for experimental purposes, the treat- 
ment of animals by repeated injections of adrenalin is too tedious a 
process. 

In the course of some work on edema of the lungs, the results of 
which will be published elsewhere, we noted that in some animals which 
had been injected with adrenalin and spartein sulphate there appeared 
after a short period of time a lesion of the left ventricle. We then con- 
ducted further experiments and found such lesions to occur quite con- 
stantly. 

If we injected a rabbit intravenously with either spartein sulphate 
or sodium caffein benzoate, and two or three minutes later with 0.2 c.c. 
of a 1 to 1000 solution of adrenalin, after a period of ten to fourteen 
days this lesion of the left ventricle was noted. The amount of spartein 


18. Griber: Deutsch. med. Wehnschr., 1907, xxxiii, 744. 


| 
= 


MOYER 8. FLEISCHER—LEO LOEB 81 


sulphate’® which was used was 0.012 gm. per kilogram; of sodium caf- 
fein benzoate, 0.025 gram per kilogram; the time interval between the 
injection of the spartein or caffein and the adrenalin was not of vital 
importance, except that shortening the interval was likely in a large 
percentage of the animals to cause death; on the other hand, more than 
five minutes were never allowed to elapse between the injections. 

We thus had a very simple method for producing the desired lesion 
and one which did not call for a long period of waiting. Of 82 rabbits 
which were injected in the above manner, 49 (60 per cent.) showed 
when examined macroscopically, a lesion of the left ventricle after 
periods varying from four days to six weeks after the injection. On 
microscopic examination, however, it was found that several hearts which 
had been set down as normal when examined macroscopically, really 
showed a more or less marked change. The occurrence of this lesion is, 
therefore, more frequent than would appear from the figures above, 
which refer only to those lesions seen by the naked eye. 


MACROSCOPIC APPEARANCE 

The lesion was in the left ventricle and with but one exception sit- 
uated close to the base, at times running up to the auriculo-ventricular 
groove. Most frequently it was on the posterior surface of the heart 
wall toward the posterior interventricular sulcus. In size the lesion 
varied, at times being confined to the upper and posterior quarter of the 
left ventricle, at times involving all of the left ventricle except a small 
part of the apex. In one case the lesion involved only the tip of the 
apex, but this was the only case in which the apex was involved in the 
lesion. At times the changed area could not be noted on the exterior of 
the heart, but when the left ventricle was cut, on cross-section a smal! 
changed area could be noted in the center of the muscular wall. The 
papillary muscles were also frequently involved in the lesion. With the 
lapse of time the lesion does not become more extensive to the naked eve 
and some part of the wall of the ventricle always appears unchanged. 

The appearance of the diseased area was distinctly contrasted with 
the normal red-brown of the heart muscle; the area was pale and of a 
yellow-brown color, which shaded off into the surrounding normal tissue. 
On palpation of the heart muscle there was a distinct sensation of stiffen- 


19. When using spartein sulphate we worked with two preparations, Merck's 
and Boehringer’s, and we found that the latter was better adapted for the work, 
since it was far less irregular in its action and less lethal in its effect. In in 
jecting animals weighing 2 kg. or more, it was found advisable to reduce the dose 
of spartein slightly. 
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ing and loss of pliability of the wall of the ventricle. On cutting through 
the area there was increased resistance. Almost invariably the thick- 
ness of the wall was increased, in some cases slightly, in others markedly. 
Such gross changes were noted as early as four days after the injection 
of adrenalin and spartein or caffein, but were best seen from ten days 
mward. In one case as early as two days after the injection we were 
able to note a slight macroscopic change in the heart. 

In two cases, one of an animal which died while being operated on 
under ether anesthesia, the other being killed by severing the spinal cord, 
the hearts were found unduly dilated. This dilatation was especially 
marked in the right ventricle, which in one case overlapped and almost 
hid the left ventricle; the auricles were also dilated so that when the 
thorax was opened the apex of the heart was thrown forward and upward. 


MICROSCOPIC APPEARANCES 

The microscopic changes were followed from a very early period, 
seven minutes after the injection, to a period six weeks after the in- 
jection. 

The hearts of several rabbits which died but a few minutes after 
the injection were examined especially with the idea of discovering if 
there was any evidence of rupture or hemorrhage at the usual site of 
the lesion, but no such appearance could be noted; the only change seen 
was occasionally some separation of the muscle fibers suggesting inter- 
stitial edema. 

After twenty-four hours we sometimes found separation of the indi- 
vidual fibers, perhaps due to edema between the fibers, a slight increase 
in the size of the muscle fibers, and at times around the nucleus the 
appearance of a clear area which did not take the stain. 

Of two animals which were killed two days after injection, one 
showed a slight paling of the wall of the left ventricle at the place where 
the lesion was usually noted. In this heart the muscle fibers were torn 
apart and swollen, measuring on an average 13.6 micromillimeters as 
compared with the measurement of 7 to 10 micromillimeters for the 
muscle fibers of normal hearts; the cross striations were now slightly 
faded. The nuclei were larger, averaging 14.5x4.2 micromillimeters 
as compared with 10x3.5 micromillimeters in normal hearts, and the non- 
staining areas about the nuclei were frequently seen to be increased in 
size. Between the muscle fibers was seen an increased number of con- 
nective tissue cells. In the other heart, which showed no gross lesion, 
slight microscopic changes were seen, such as separation of the individual 
muscle fibers, increase of the non-staining area about the muscle nuclei 
and also areas where the connective tissue cells were increased. 
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Four days after the injection the changes had become quite marked 
and the edema between the muscle fibers was plainly visible. In some 
areas the fibers appeared to have been dissolved, although the presence 
of some nuclei of the muscle fibers was noted; these were surrounded 
by a thin ring of muscle substance. This dissolution had left the net- 
work of connective tissue uninjured and the connective tissue cells were 
increased in and about these areas. At other places the muscle fibers 
were increased in size and at times we noted vacuoles in them. The oc- 
currence of double nuclei lying either in close contact or somewhat sepa- 
rated by sarcoplasm was somewhat more frequent than normal. At some 
places the muscle nuclei were beginning to disappear, taking the stain 
very faintly: at other places karyolysis of the nuclei had taken place. 
The degenerative changes were more marked in this specimen than in 
anv of the later ones until a period of several weeks had elapsed after 
the injection. 

At six days the increase of connective tissue had become quite ap- 
parent, most marked in the papillary muscles and near the endocardium. 
There was also an increase of the connective tissue around the vessels. 
The muscle fibers were more noticeably increased in size and were sepa- 
rated by interstitial edema. The striations were not so clear as normal, 
and we saw occasionally a granular appearance which seemed to be due 
to the breaking up of the fibrils. Double nuclei were seen quite fre- 
quently and occasionally we noted small areas of dissolution of the fibers. 
But few vacuoles were seen. 

At nine days the changes had progressed and we saw clumps of young 
connective tissue cells between the fibers and about the blood vessels, in 
the papillary muscles the increase of connective tissue being quite marked 
and short strands of connective tissue were noted growing in from the 
endocardium. The muscle fibers were increased in size, showing the 
striation less clearly than normally but in places showing a marked longi- 
tudinal striation. Toward the endocardium where the fibers were sur- 
rounded by connective tissue there was quite a little vacuolization. The 
nuclei did not show much change; the occasional paleness and the in- 
creased occurrence of double nuclei were about the only noteworthy ap- 
pearances. 

In the specimens examined for the period between twelve and twenty- 
one days after the injection the changes as found in the different speci- 
mens varied but little, and they may be described in a general manner. 
The inerease of connective tissue was diffuse, well marked about the 
blood vessels and near the endocardium and pericardium, but also seen 
between the muscle fibers. The pericardium was thickened and showed 
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an increase in connective tissue cells. The separation of the connective 
tissue fibers between the muscle elements, probably due to an edematous 
condition of the connective tissue, was quite marked. Nowhere were 
collections of polynuclear leucocytes or of smal! mononuclear cells to be 
seen. In some sections could be seen smal] areas where the muscle fibers 
were more or less dissolved, and throughout the fibrillar connective tissue 
network which was left behind were seen scattered the nuclei of the 
muscle fibers with a pale ring of muscle substance about them. The 
muscle fibers were increased in breadth and might measure as much as 
16 or 18 micromillimeters. The cross striations were not so clear as 
normally but the longitudinal striations became more marked as the fibers 
increased in size. The appearance of vacuoles had become more frequent, 
but could by no means be said to be common; the vacuoles might be 
large or small; there might be several in one cell or one large one might 
occupy the center of a cell and produce the appearance of a ring cell. 
Vacuolization occurred usually where the muscle fibers were enclosed 
by new-formed connective tissue, but it also appeared in some areas inde- 
pendent of the connective tissue proliferation. Even more rarely there 
could be noted a granular appearance of the muscle which was associated 
with a breaking down of the muscle substance. Frequently there was 
seen an increase in the size of the sarcoplasm spindle which had attained 
about three times its usual size. Not all muscle fibers were hyper- 
trophied, however ; occasionally there were noted fibers distinctly atrophic 
with an increase in the perinuclear pigment. The nuclei were larger 
than normal and the number of double nuclei might be markedly in- 
creased ; at times as many as fifty-six such pairs might be seen in twenty 
microscopic fields, while in the normal heart there is seen only one pair 
in every second field (eleven pairs in twenty-two fields). We also no- 
ticed here not infrequently the presence of two nucleoli in one muscle 
nucleus which perhaps represented the first stages in the amitotic divi- 
sion of the muscle nucleus. 

When a period of six weeks had intervened since the injection the 
changes were found to be far more marked in the one heart which we 
have so far examined microscopically. The connective tissue had now 
increased quite markedly and separated the individual muscle fibers; 
the increase was present in the papillary muscles as well as in the wall 
of the ventricle. It was not limited to the endocardial, pericardial or 
vascular connective tissue. but was found throughout the myocardium, 
all the pre-existing connective tissue seeming to have taken part in the 
increase. The muscle fibers were quite generally increased in size and 
were paler than normally, vacuoles in the cells did not destroy the cross 
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striations, although these striations were not so clear as in the normal 
heart. Longitudinal striation was marked and gave the appearance of 
a separation of the individual fibrils. Double nuclei were quite frequent 
in the muscle cells. There were many areas of dissolution of the muscle 
fibers in which, as usually, the connective tissue fiber network and atro- 
phied muscle fibers were left behind. 

Eight hearts which macroscopically appeared normal after the injec- 
tions were examined microscopically, and seven of these showed the pres- 
ence of some change corresponding to the condition just described and at 
times quite as marked. In such hearts which macroscopically appear 
normal there was generally found connective tissue overgrowth, not very 
pronounced increase in the size of the fibers, and some separation of the 
muscle fibers (interstitial edema ?). 

The principal changes which are produced by the injection of ad- 
renalin and spartein, etc., are, therefore, the following: We find very 
early increase in the size of the muscle fibers and increase in the number 
of muscle nuclei, the cross striation is somewhat less clear than in the 
normal heart; at a verv early period we also find increase in the connec- 
tive tissue fibers and isolated areas in which degenerative processes in the 
muscle fibers can be seen, such degenerative processes becoming more 
marked at somewhat later stages. 

The interstitial change begins soon after the injection, as early as 
two days, and becomes steadily more marked; in the early periods it is 
only noticeable about the blood vessels, endocardium and pericardium, 
but later it becomes diffuse and all the connective tissue elements seem 
to take part in the proliferation. In the parenchyma the principal 
change is the increase in size of the fibers which makes its appearance 
early and also becomes progressively more marked. There appears an 
increase in the clear area about the nucleus and the cross striations be- 
come faint, while the longitudinal striations become more marked. Quite 
late there appear vacuoles in the muscle fibers; there also are seen areas 
of dissolution and atrophy of the muscle fibers. The increase of the 
number of double nuclei is found at six to nine days and reaches its 
maximum at fourteen to eighteen days. 

We find, therefore, in these lesions a combination of: first, hyper- 


trophic changes in the muscle fibers and nuclei; second, increase in 


connective tissue: third, degenerative changes in the muscle fibers. If 
we compare these findings with the description of the changes in hyper- 
trophic human hearts as described by Krehl, Albrecht and others we are 
struck by the similarity of the changes found in the two sets of condi- 
tions, namely: in our experimentally produced myocarditic lesions and 
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in cases of hypertrophy of human hearts which originated under natural 
conditions. In all the latter we find the same combination of hyper- 
trophy of muscle fibers, increase of connective tissue and degeneration of 
muscle fibers. 

Krehl.2° examining human hearts which showed either idiopathic 
hypertrophy or hypertrophy secondary to valvular lesions, has shown by 
careful and painstaking study that various pathologic conditions may be 
neted. He has noted a thickening and overgrowth of the pericardium, 
changes in the blood vessels, such as thickening, arteritis obliterans, or a 
round-cell infiltration of the muscular coat. Between the muscle fibers 
there is a round-cell infiltration and in places induration and cirrhosis, 
which has caught and destroyed the muscle fibers, leaving only the mus- 
cle nuclei. Vacuoles were seen as well as an increase of pigment at the 
poles of the nuclei; fatty changes were seldom noted. The muscle fibers 
were increased in size. Krehl considered these conditions which he found 
scattered in small areas throughout the heart as due to some injurious 
substance, probably the same as that which produced the valvular lesions, 
and probably of infectious character, but held that these pathologic areas 
were in no manner connected with hypertrophy but only chanced to be 
concurrent. The hypertrophy** he considered as being due to the in- 
creased demands on the heart, and to be histologically expressed by 
increase in size and number of the muscle fibers. 

Albrecht,** who studied hearts showing idiopathic hypertrophy, de- 
scribed much the same histologic appearances. He found increase of 
the connective tissue, at times changes in the arteries and dilatation and 
inflammation of the lymph vessels. In the muscle fibers he describes 
vacuoles, necrosis, double nuclei and a degeneration of the anisotropic 
portion of the fibrils with an increase of the isotropic portion. The sar- 
coplasm he considers to be increased and this he considers a progressive 
process. He differs from Krehl in interpreting these lesions and con- 
siders them as being not due to a secondary condition, but as actually 
belonging to a cycle of changes comparable to those found in inflamma- 
tion of certain organs, as, for instance, the liver, in which Virchow de- 
scribed a hypertrophic condition of the parenchyma as the first stage of 
inflammation. Albrecht, therefore, regards the hypertrophy found in 
human hearts as the first stage of a chronic myocarditis. 

Stadler®* studied the changes in the hypertrophied hearts of rabbits, 
in which the hypertrophy has taken place as a result of experimental 
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valvular lesions, and again found an increase of connective tissue as well 
as an increase in thickness of the individual muscle fibers, this thickness 
being due to an increase of the sarcoplasm about the nuclei and between 
the fibrils, which may thus be separated. The fibrils as a rule were 
thickened, but at times were less thick than normally. He found many 
forms of nuclei, none of which appear pathologic. Vacuoles in the 
muscle fibers were rare. 

Tang]** produced cardiac hypertrophy in rabbits by means of experi- 
mental aortic and valvular lesions and first noted hypertrophy nineteen 
days after producing the lesion. He found increased connective tissue, 
increased sarcoplasm and a number of vacuoles in the muscle fibers. 

Whereas, Albrecht describes the hypertrophy as being due only to an 
increase in the size of the sarcoplasm, Aschoff** describes an increase 
in the size of the fibrils, while Letulle®* speaks of increase in the number 
of the fibrils. 

We find, therefore, essentially the same lesions in experimentally 
produced hypertrophy in animals, in cases of hypertrophy of the human 
heart found at autopsies, and in our lesions produced by the injection of 
adrenalin plus spartein, ete. 

There is some divergence of opinion as to which part, fibril or sarco- 
plasm, is mainly affected by the hypertrophy; our own observations do 
not enable us to decide this question positively in either direction. There 
is also some divergence of opinion as to the correlation of the various 
changes found. If we return to our findings, we note undoubted pro- 
gressive changes in the muscle fibers as indicated by multiplication of 
nuclei, besides which we find increase in the size of the muscle fibers. 
The early period at which these changes appear is remarkable, the in- 
crease in the size of the fibers being already present two days after the 


injection. 


In explaining these phenomena we are tempted to make use of results 
obtained by Ranke,** Elizabeth Cooke** and Fletcher.*® These investi- 
gators found that striated muscle which had been fatigued took up, 
during the period directly following the fatigue, an increased amount of 
water from a solution isotonic with normal muscle, the volume of the 


muscle increasing correspondingly. We may assume, in a similar way, 
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as a result of the excessive amount of work done by the heart muscle 
following the injection of adrenalin, spartein, etce., the heart muscle 
takes up more water.*® But from this time on the conditions in the ex- 
periments performed with striated muscle in vitro by Cooke and Fletcher 
differ from the conditions prevailing in our experiments. In the former 
case the muscle was kept in abnormal conditions in vitro and at rest; in 
our case the muscle remains in the body, is perfused by the normal blood 
and continues to perform work. This difference in the condition might 
explain the further changes which we found in the heart muscle in our 
experiments. Subsequent to the taking up of water we find a multipli- 
cation of muscle nuclei; the increase in connective tissue commences so 
arly that we can not ascribe it to preceding parenchymatous degenera- 
tion and replacement of destroyed muscle elements. We must assume 
that the increased work, or the subsequent taking up of water, and per- 
haps a direct toxic action of adrenalin, lead to an increase in connective 
tissue. The later parenchymatous degenerations are probably a result 
of the primary swelling of the muscle fibers, and perhaps in some cases 
of the pressure exerted by the connective tissue. 

As to the functional value of hearts which show the lesions described 
we shall report more fully in some other connection; here we may briefly 
state that such hearts are distinctly inferior to normal hearts, as we were 
able to demonstrate in the course of experiments on the production of 
edema. In this connection we may again refer to the cases in which we 
found dilatation of the auricles and the right ventricle evidently as the 
result of insufficiency of the left ventricle. Under normal conditions the 
animals suffering from such heart lesions do not seem to be function- 
ally inferior to normal animals, at least in the period shortly after the 
injection. 

In order to test which of the components of the injection were of 
importance, we injected in some rabbits 0.2 c.c. of adrenalin alone and in 
another lot larger quantities of spartein sulphate, caffein sodium ben- 
zoate or strophanthin, without adrenalin. Among 8 rabbits treated with 
a single injection of 0.2 c.c. of adrenalin, 3 showed a gross lesion, while 
6 showed microscopic changes. In these animals the changes were of 
much the same character as in those injected with adrenalin and spar- 
tein, ete.; in the large majority of the cases the changes were very slight 
and often nothing was seen but a slight increase of connective tissue, 
interstitial edema and some increase in the size of the muscle fibers. 
30. Loeb (J.) (Arch. f. d. ges. Physiol., 1894, lvi, 270), believed that the hyper- 


trophy of striated muscle following increased work over a long period came about 
through the taking up of water by the muscle. 
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Of the other rabbits, 7 received spartein sulphate, 6 strophanthin and 2 
caffein sodium benzoate. After two weeks none of these animals showed 
any cardiac lesions, either gross or microscopic. We see, therefore, that 
these latter substances are powerless to produce anatomic changes. 

In order to see whether a large dose of adrenalin would produce as 
marked a lesion as the combination of 0.2 c.c. adrenalin and spartein, 
etce., we injected 8 rabbits with a single dose of 0.4 c.c. adrenalin; of 
these, 5 showed a gross lesion, 7 showed changes on microscopic examina- 
tion. The appearance of the lesions in these animals was in degree and 
quality the same as in the animals injected with the combined adrenalin 
and spartein, ete. There was increase of the connective tissue, intersti- 
tial edema, increase in the size of the muscle fibers, paleness of the cross 
striations, appearance of longitudinal striation, increased number of 
double nuclei and occasional vacuoles, also areas of dissolution of muscle 
fibers. ‘We thus see that an increased dose of adrenalin acts as does a 
small dose of adrenalin plus caffein or spartein; or, in other’words, that 
caffein or spartein may replace a fraction of the adrenalin, being unable, 
however, to replace all the adrenalin.* 

It is of interest here to note the occurrence of lesions of the aorta 
which followed the intravenous injection of a single small dose of ad- 
renalin combined with spartein or caffein. In the early half of our 


experiments, aortic lesions were noted in 11 of 37 rabbits, while in the 
last 43 only 5 animals showed aortic lesions. On further analyzing this 
last group, only once in the last 33 animals was a lesion of the aorta 
noted. It has been noted that when one rabbit of a certain group from 
one source shows a vascular lesion, as a rule several others of this same 


group will also show lesions; thus, in view of the findings in the last 3: 
animals, we may consider that in the first lot we were dealing with a 
breed that were liable to spontaneous arterial disease, and that the single 
injection of adrenalin had little influence in producing the change in 
the aorta. 

Considering the frequency of the occurrence of the cardiac lesions, 
it seems that the most marked and constant effect of adrenalin is not, 
as has been believed heretofore, on the blood vessels, but rather on 
the heart muscle. This lesion is much earlier in making its appearance, 
is more frequent and more constant than is the aortic lesion. Further- 


“At the present time we do not wish to exclude the possibility that an injec- 
tion of 0.2 c.c. adrenalin alone may be able to produce the same quantitative 
changes, although our experience indicates that lesions are not as frequent after 
0.2 ¢.c. adrenalin. 
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more, we can state that the cardiac condition is not the result of a pre- 
vious vascular lesion. 

As to the direct causation of the heart lesion, it is very likely that 
excessive mechanical strain is at least one of the responsible factors. 
The seat of the lesion might be explained by the fact that the principal 
strain is experienced near the place of insertion of the muscle fibers of 
the left ventricle, namely, near the auriculo-ventricular junction. This 
may also explain the fact that the left ventricle exclusively seems to be 
affected. We do not, however, wish to exclude the possibility of a toxic 
action of adrenalin as a cooperative factor. 

In conclusion, we may suggest that this method of producing lesions 
of the myocardium may be found serviceable in further investigations 
concerning the correlation between myocarditis and functional and ana- 
tomic changes in other organs. 

SUMMARY 

1. One single injection of 0.012 gm. of spartein sulphate, or 0.025 
gm. caffein sodium benzoate, with 0.2 ¢.c. of adrenalin causes in approxi- 
mately 60 per cent. of the rabbits injected myocarditie lesions of the left 
ventricle which are visible to the naked eve. Microscopic examination 
of the left ventricle in animals showing no macroscopic lesions demon- 
strates the presence of microscopic lesions in a still larger percentage of 


animals, 
2. It, therefore, seems that the typical lesion produced in rabbits by 


the injection of adrenalin is not the aortic lesion, but this myocarditic 


lesion. 
its appearance and may be noted earlier than the arterial lesion. 


The myocardial change is more frequent and more constant in 


3. The lesions appear a few days after the injection and consist of a 
combination of the following changes: (a) hypertrophy of the muscle 
fibers with increase in the number of muscle nuclei and indistinctness 
of cross striations; (b) increase in connective tissue which appears very 
early (there seems to be some edema present between the muscle fibers) ; 
(c) degenerative processes, affecting the muscle fibers, which become es- 
pecially marked at somewhat later stages, 

4. Attention is drawn to the analogy which exists between these ex- 
perimentally produced lesions and the changes described in hearts show- 
ing hypertrophy, either as a result of experimental] valvular lesions, or 
due to some common pathologic conditions in man. It is suggested that 
the initial phase in these changes consists in changes analogous to those 
described by several investigators as taking place in peripheral muscle 
under conditions of fatigue. 
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5. These lesions can not be produced through the injection of spar- 
tein sulphate, caffein sodium benzoate, or strophanthin alone; the pres- 
ence of a small amount of adrenalin is necessary for their production. 
The typical seat of the lesion in the left ventricle near the auriculo- 
ventricular groove tends to confirm the suggestion that excessive strain 
of the heart muscle is at least one of the factors leading to these changes. 

6. Hearts showing macroscopically such myocarditic lesions have 
been shown by us to be functionally inferior to normal hearts, when 
under conditions in which a surplus of work is required. 

7. This easy and certain method of producing myocarditie lesions 
experimentally may prove of value in determining the correlation be- 
tween the activity of the heart and the function of certain other organs 
under pathologic conditions. 


University of Pennsylvania. 


A POSSIBLE MEANS OF DIFFERENTIATION BETWEEN 
CARDIAC DILATATION AND PERICARDITIS 
WITH EFFUSION 
W. J. CALVERT, M.D. 

COLUMBIA, MO. 


A study of the mechanics of large dilatations of the heart shows that 
in such conditions the right lobe of the liver is actually displaced down- 
ward, if displaced at all; but owing to displacement of the bony thorax 
an apparently normal or elevated position of the liver may be found. 
This apparently high position of the liver is likely to be found in mitral 
stenosis with high degree of dilatation. Here the lower anterior and 
lateral border of the lung is pulled upward, giving a very narrow band 
of relative lung-liver dulness. In large hearts the upper border of this 
dulness may be at the fourth rib. 

In pericarditis with effusion the mechanical effect is to depress the 
right lobe of the liver without producing the apparent elevation; also 
to give a narrow band of relative iung-liver dulness, which is in a lower 
position than that found in dilatation of the heart. In pericarditis the 
beginning of the relative dulness over the right lobe of the liver may be 
helow the sixth rib. In cardiac dilatation an apparent elevation, in peri- 
carditis an apparent depression, of the right lobe of the liver may be 
found. A detailed account of the mechanics of these movements will 
he published later. As the mechanics of the two lesions are so different 
the recognition of the effects produced on the position of the liver should 
be of clinical value, save in very fat individuals, on whom it may be 
almost impossible to map out liver dulness. 

In order that this point in differential diagnosis may be of greatest 
clinical value, an accurate knowledge of the normal position of the liver 
in each type of thorax is to be desired. 

The point is: In eardiae dilatation high liver dulness is present: in 
pericarditis with effusion low liver dulness: and in each a narrow band 


of relative lung-liver dulness. 


Figs. 1 to 6 are from three cases of pernicious anemia. 


Figs. 1 and 2 show bone marrow. 1. Normoblast with nuclear particle. 2. 


Megalocyte with nuclear particle. 


Figs. 3 to 6 show blood. 3. Nuclear particle in erythrocyte. 4. Basophilic 
granules in erythrocyte. 5. Basophilic granules in normoblast. 6. Nuclear par- 


ticle and basophilic granules in erythrocyte. 


Figs. 7 to 9 are from chronic pyrodin poisoning in the rabbit (Rabbit VII 
pyrodin); all from the blood. 7. Nuclear 
philic granules. 9. Nuclear particle and basophilic granules. 

All cells were stained with methyl-creen-pyronin after heat fixation, and 
drawn with Leitz 1/12 oil immersion, ocular No. 4. 
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NUCLEAR PARTICLES IN THE ERYTHROCYTES * 


ROGER 8. MORRIS, M.D. 
BALTIMORE 


Evidence of regeneration of the blood is of great value not only in 
the diagnosis, but also in the prognosis and treatment of anemias. 
Among the most important regenerative signs may be mentioned the 
occurrence of nucleated red blood cells, of basophilic granules in the 
erythrocytes, and of polychromatophilia. Recently I have described 
another manifestation of regeneration found in the human red corpus- 
cles in anemias and in embryonic blood, and subsequent work has served 
to confirm the views previously expressed, with one or two exceptions. 

The small, round or oval, eccentrically placed bodies, first described 
by Howell and later by Schmauch, in the erythrocytes of the cat, are 
best seen when stains are added to the fresh blood. These have been 
considered identical with bodies answering to the same general descrip- 
tion morphologically found in permanent stained preparations of blood 
by subsequent observers—Pol, Schmidt, Jolly and myself. There are, 
however, differences, though it is possible that the two are closely related. 

If one adds methyl green, methyl violet or other nuclear stain to the 
fresh blood of a normal cat, a certain number of red cells (up to about 
30 per cent.) may show round, oval or irregularly-shaped structures 
which are deeply stained and usually situated eccentrically in the cell, 
apparently always single. They are also easily seen in fresh unstained 
specimens of blood, and a few of them may be found free between the red 
corpuscles, as Schmauch pointed out. When blood films are allowed to 
dry in the air, the bodies are still demonstrable for a few days on the 
addition of stain—and, indeed, they may be seen in the unstained, dry 
spreads, but in preparations kept twenty-nine days I have failed to 
demonstrate them, although they were very numerous in films made at 
the same time and examined while fresh. These bodies in the red blood 
cells of the cat, which stain with nuclear dyes, are, then, rather unstable. 
Again, fixation of the films in ethyl alcohol, methyl alcohol, aleoho] and 
ether, and alcohol and formaldehyd (Futcher-Lazear) causes them to 
disappear, but short fixation in 


5 per cent. or 10 per cent. formaldehyd 
preserves them fairly well. Underfixing the films with heat (120 degrees 


“From the Clinical Laboratory of the Johns Hopkins Hospital. 
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(. for five minutes) enables one to make permanent mounts, as 
Schmauch has shown, but longer fixation at this temperature or thirty 
seconds at the spheroidal point for water will cause these very unstable 
bodies to disappear. I have examined the blood of six cats both before 
and after venesections (as much as 60 c.c. of blood withdrawn), and the 
results have been quite uniform in all. 

While these structures in the erythrocytes of the cat are easily de- 
stroyed by heat and other methods of fixation, I have constantly found a 
very few characteristic “nuclear particles” in specimens of cat’s blood 
fixed and stained in the usual manner, i. e., hematoxylin and eosin 
(ethyl alcohol fixation), Giemsa’s stain and Hasting’s stain (methyl 
alcohol), carbol-thionin (Futcher-Lazear fixation), Ehrlich’s triacid 
(heat), Pappenheim’s methyl green-pyronin (heat), ete. In no other 
animal have nuclear particles been found in apparently normal adults, 
and thus far it is only in the fresh blood of the cat that these bodies 
described by Howell and Schmauch have been demonstrated. This, 
therefore, suggests a possible relationship between Howell’s bodies and 
the nuclear particles seen in permanent blood specimens, though I can 
bring no further evidence of such relationship. There are, moreover, 
certain well-marked differences between the two: Howell’s bodies, in 
specimens fixed for five minutes at 120 degrees C., do not stain, or stain 
very imperfectly, with methyl green-pyronin; nuclear particles, in thor- 
oughly fixed smears, take a blue color, like the nuclei of normoblasts. 
The nuclear particles have never been found in a large proportion of the 
red blood corpuscles, whereas Howell’s bodies may occur in 80 per cent. 
of the erythrocytes (Schmauch). Howell’s bodies are, as we have seen, 
very unstable; nuclear particles, on the other hand, are demonstrable 
after all the usual methods of fixation, and I have found them in the 
blood of a patient with pernicious anemia, fixed and stained twenty- 
months after the films were made. Thus the two structures differ in 
many respects. 

With the exception of the cat and the normal pregnant rat (Jolly), 
nuclear particles have been found in full-grown animals only during 
active regeneration of the blood, i. e., after severe or repeated hemor- 
rhages, or phenylhydrazin or pyrodin poisoning, etc. They have been 
found in the blood of embryonic and new-born cats, mice and rats, and I 
have found them in the blood of the human embryo and in the most 
varied conditions in human adults, in whose blood other evidences of re- 
generation were present. As vet I have not found them in normal blood, 
but have observed them in nine cases of pernicious anemia (Figs. 1 to 6), 
in anemia in infants (two cases), in secondary anemia (two cases), in 
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chronic myeloid anemia (three cases), and in one patient with anemia 
after splenectomy had been done (splenomegaly). Furthermore, they 
were present in smears of the bone marrow (femur) in two cases of per- 
nicious anemia (Figs. 1 and 2), and in one case in large numbers. It 
seems quite probable that they might be found in the marrow in all cases 
in which they are encountered in the blood. Cabot pictures multiple 
nuclear particles in the bone marrow, but he apparently did not find 
them in the blood. Within the last year Naegli’ has also “seen these 
(nuclear) particles very often in the blood of pernicious anemia, of 
embryos of animals, and in different forms of anemia.” 

Since they are found in the bone marrow and are almost always asso 
ciated with other evidences of regeneration of the blood, nuclear parti- 
cles may safely be considered a sign of regeneration. Further observa- 
tion in human blood has proved the greater frequency of these particles 
in nucleated red cells as compared with the blood of animals. In some 
bloods, however, single nuclear particles in the erythrocytes may be the 
main evidence of regeneration; this fact was well illustrated in the case 
of the patient after splenectomy, in whose blood, at one time, thirty 
nuclear particles were found in about an hour and a half (examination 
with mechanical stage), while only one normoblast, no cells with baso- 
philic granules, and a few with polychromatophilia were seen. Simi- 
larly, in the blood of a patient with pernicious anemia, kindly sent to 
me by Dr. C. K. Winne, Jr., of Albany, nuclear particles were numer- 
ous, but no nucleated reds were present, as he had noted. Thus, in cer- 
tain instances, the chief reparative sign in the blood may be the presence 
of nuclear particles. 

It has been urged by some? that nuclear particles are identical with 
the basophilic granules sometimes present in the red cells and that their 
classification separately is superfluous. Against this view there are 
striking and, I believe, conclusive facts. In the first place, it has just 
been shown that nuclear particles may be found in the absence of baso- 
philic granules. They are, however, often found in the same blood and 
even in the same cell, as I have shown elsewhere. With modified Roma- 
nowski stains (Hasting’s, Giemsa’s and Wilson’s) nuclear particles take 
the same color as the nucleus, while basophilic granules take a dark blue 
color. Nuclear particles are practically always round, sharply cireum- 
scribed, and eccentrically placed, and are usually single, so that it is 


often possible to recognize both in the same cell. But the most striking 


1. Personal communication, Nov. 6, 1908. See also article by Naegeli in biblio- 
graphic references at end of this paper. 
2. Meyer (E.): Oral communication. 
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tinctorial differentiation is seen in preparations fixed by heat and stained 
with Pappenheim’s* methyl green-pyronin mixture. With this stain the 
basophilic granules are stained a brilliant red (Figs. 4, 5, 6, 8 and 9), 
| while the nuclear particles take on a beautiful blue color (Figs. 1, 2, 3, 
6, 7, 9) like that of the nucleus (Figs. 1 to 6). Since its chromatin is 
: densely packed, the color of the nuclear particle may be even darker than 

the nucleus of some of the erythroblasts. When both nuclear particle 
and basophilic granules are present in the same cell, the picture is very 
striking (Figs. 6 and 9); their separate identity is at once demon- 
strated. It is no more justifiable to consider them to be the same than 
it is to look on the nucleus of the erythroblasts and the basophilic gran- 
ules as identical structures. 

Many writers at present, among whom may be mentioned Meyer 
and Speroni, consider basophilic granules to be products derived from 
the nucleus of the red blood cells. That the nuclear particles is of 

nuclear origin there can be scarcely any doubt, for with all nuclear dyes 

it is stained exactly like the nucleus. In animals all transitions in size 

may be seen between the normoblastic nucleus and the nuclear par- 

ticle, and in man the latter can be seen to be derived from the nucleus, 
as many preparations of blood, as well as those of the bone marrow 
in pernicious anemia, show. Here the nuclei can be seen broken 
up into two or more perfectly round, sharply circumscribed masses; the 
extrusion or lysis of all but one of the masses gives one the single nuclear 
particle seen in the bone marrow and blood. Apparently it is not neces- 
sary for the nucleus to show signs of dissolution before a nuclear par- 
ticle appears in the cell, for a megaloblast with active nucleus may con- 
tain one in its protoplasm. 

It is possible that the differences in staining of basophilic granules 
and nuclear particles is due to the presence or absence of nuclear mem- 
brane. The nuclear particle is perfectly round, as a rule, and its outline 
very sharply defined, resembling in every way, both morphologically and 
tinctorially, a miniature of pyenotic nucleus; basophilic granules are 
less regular and sharply defined and one gets the impression that they lie 
free in the cell protoplasm. If this be true, the difference in staining 
properties is readily explained; the reaction of the basophilic granules 
to stains approaches that of markedly basophilic cell protoplasm. Thus, 
with Romanowski stains they take a blue color instead of reddish purple, 
with methyl green-pyronin they are red rather than blue. Their color 


3. Boellke (Virchow’s Arch. f. path. Anat., 1904, clxxvi, 47) first used this 
stain to differentiate nucleus and basophilic granules, 


ROGER 8S. MORRIS oT 


resembles that of the protoplasm of many of the lymphocytes with both 
of these stains. In other words, supposing basophilic granules to be 
remnants of the nucleus, one might explain their altered staining, pro- 
vided the chromatin were no longer surrounded by nuclear membrane 
and its reaction were more nearly that of the surrounding protoplasm. 
Similarly, the characteristic staining reactions of nuclear particles might 
be made clear if the presence of nuclear membrane about them could be 
demonstrated. 
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THE SPECIFIC CHEMICAL THERAPY OF THE 
TRYPANOSOMIASES AND SPIRILLOSES * 


B, T. TERRY, M.D. 
NEW YORK 
OUTLINE 
TRYPANOSOMIASES 
In general. Therapy since 1904. Four groups of medicaments, 
Group 1. The benzidine dyes. 
Group 2. The basic tryphenylmethane dyes. 
Group 3. Arsenical compounds. (Sleeping sickness. ) 
Group 4. Antimony compounds. 
Drawbacks and dangers of treatment. Resistant strains. 
Variability of trypanosomes. Combined treatment. 
SPIRILLOSES 
Spirillosis of fowls. (South America.) 
Spirillosis of African tick fever. 
Spirillosis of European relapsing fever. 
Syphilis. 


INTRODUCTION 
Concerning the specific chemical therapy of the trypanosomiases 
and spirilloses so much has been published in the last few vears that it 
would be impossible in the time at my disposal to review even a large 
fraction of the work that deals with these two groups of diseases. Even 
if time permitted, to attempt such a thing would be out of place, for as 
important as these diseases are in tropical countries, the American phy- 
sician has only a general interest in most of them, Of necessity much 
will have to be omitted. In spite of this it seemed advisable to unite 
in one paper the therapy of these two groups of diseases, partly on ac- 
count of certain analogies which exist between their etiological agents, but 
more particularly because some of the remedies found useful in the try- 
panosomiases have recently been applied successfully to the spirilloses. 
The trypanosomiases will be considered first. 
THE TRYPANOSOMIASES 
“'Trypanosomiasis” is the general name given to a specific infection 
caused by microscopical protozoan organisms, trypanosoma. These dis- 
*From Rockefeller Institute for Medical Research, New York. 


*Read before the Section on Pharmacology and Therapeutics of the American 
Medical Association, at the Fifty-ninth Annual Session, Chicago, June, 1908. 
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eases have a wide distribution and, according to Musgrave and Clegg", 
destroy millions of dollars worth of animals each year. Horses, asses, 
cattle and a number of different animals are subject to infection. As far 
as we know one species only, Trypanosoma gambiense, is pathogenic for 
man. As examples of these diseases we may mention nagana (7’. brucet), 
or the “Tsetse fly disease” of Zululand, surra (7. evansi) of India, mal 
de caderas (7. equinum) of South America, dourine (7’. equiperdum), 
formerly wide-spread in Europe, now confined almost exclusively to 
Algiers and to North America, and sleeping sickness (7. gambiense), the 
terrible human scourge in Africa. 

Transmission.—In tropical countries these diseases occur in epidemic 
form and the trypanosoma seem to be conveyed from animal to animal 
chiefly by the bites of flies and fleas. In the case of dourine in the 
horse, however, and probably also in certain cases of sleeping sickness 
(Koch*), the transmission of the disease seems to be by coitus. 

In general the diseases are characterized by an incubation period of 
variable length which is followed by fever and the appearance of trypan- 
osoma in the circulating blood. “The mortality among most animals of 
economic importance is 100 per cent.” (Musgrave and Clegg"). 

Therapy Before 1904.—Prior to 1904 the most efficient medicament 
against the various trypanosomiases was arsenic, and this was insuf- 
ficient. In the form of arsenious acid, sodium arsenite, or Fowler’s solu- 
tion, it prolonged the life of infected animals by driving the trypano- 
somes temporarily from the circulation, but by its use cures were almost 
never obtained. As a rule, relapse followed relapse and eventually one 
had to choose between letting the animal die of the trypanosomes or of 
the treatment. 

Therapy Since 1904.— This was the discouraging situation when 
Ehrlich and Shiga began their search for medicaments active against 
the trypanosomiases. Their publication*® in 1904 marks the beginning 
of our recent progress and stimulated greatly the experimental study 
of the therapy of these diseases. Workers in various laboratories took up 
the problem and as a result we now possess a number of medicaments 
far more active than the older forms of arsenic. These newer medica- 


1. Musgrave (W. E.) and Clegg (M. T.): Trypanosoma and trypanosomiasis, 
with special reference to Surra in the Philippine Islands. Gov. Biolog. Lab., 
Rep. 5, Manila, 1903. Bureau of Public Printing. 

2. Koch (R.): Schlussbericht tiber die Titigkeit der deutschen Expedition 
zur Erforschung der Schlafkrankheit. Deutsch. med. Wehnschr., 1907, xxxiii, 1889. 

3. Ehrlich (P.) and Shiga (K.): Farbentherapeutische Versuche bei Trypan- 
osomen-Erkrankung. Berl. klin. Wehnschr., 1904, xli, 329. 
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ments may be conveniently divided into four groups (Table 1). 1. The 
henzidine dyes. 2. The triphenylmethane dyes. 3. Arsenic compounds 
and 4. Antimony compounds. 


TABLE 1.—NEWER TRYPANOCIDAL MEDICAMENTS 
GROUP I.—BENZIDINE DYES 
1—Trypan-red (“Trypanrot”). Ehrlich and 1904 
2—Dyes of Nicolle and Mesnil. (See Table 2)..............6.5---0555 1906 
GROUP 11.—BASIC TRYPHENYLMETHANE DYES 
1—Malachite Green and Brilliant Green. Wendelstadt and Felmer.1904 and 1906 


GROUP III.—ARSENICAL COMPOUNDS 

1—Atoxyl. Thomas 1905 

2—Acetyl-atoxyl and Paroxybenzyliden-atoxyl. Ehrlich.................. 1907 


GROUP IV.—-ANTIMONY COMPOUNDS 
1—Sodium Antimony! Tartrate. Plimmer and Thomson........... .... 1908 
2—Potassium Antimony] Tartrate. Mesnil and Brimont................. 1908 
THE BENZIDINE DYES 

In the study which led to the discovery of the first of the newer med- 
icaments active against trvpanosomes, Ehrlich and Shiga chose for their 
investigation the virus of mal de caderas and studied this in white mice. 
The latter were selected because they were so small and cheap that the 
experiments could be carried out on a scale large enough to exclude 
experimental error, and because in them the course of the infection was 
so regular that even a slight variation due to a medicament could be 
detected. For example, Ehrlich and Shiga found that mice inoculated 
with their strain of mal de caderas died with great regularity on the 
fourth or fifth day. A spontaneous cure or even a chronic course of the 
disease in untreated animals was never observed. 

Trypan-red.—At first Ehrlich and Shiga had almost no guiding prin- 
ciple to direct them in their search. They had to try far more than a 
hundred substances before finding one or two that possessed even a slight 
activity against the trypanosomes. At last, however, they came upon a red 
dye belonging to the benzopurpurin series which possessed a certain activ- 
ity. This activity was not great; it did not cure animals infected with 
the disease, but it lengthened life slightly. When this dye was dis- 
covered the future problem was clearly outlined. It was necessary to 
increase its activity against the trypanosomes and to decrease its toxicity 
for the host. In this work Ehrlich found the chemist Weinberg of the 
greatest assistance. The latter made a careful study of the red substance, 
altered it chemically in many ways, and searched among the neighbors 
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closely related to it for compounds still more active. As a result of long, 
careful, scientifically directed research, another red dye was found which 
was far more active against mal de caderas in mice than was the origina! 
one with which Ehrlich and Shiga started. In the great majority of the 
cases a single injection of this new dye in the therapeutic dose, made 
within forty-eight hours after the inoculation of the virus, was capable 
of driving the trypanosomes from the circulating blood and effecting a 
permanent cure. From its activity againet trypanosomes and its red 
color this new substance was named trypan-re’ (“Trypanrot”). 

Trypan-red’s Limited Efficiency.—The finding of trypan-red did not 
solve the problem of the therapy of the trypanosomiases, for it was soon 
discovered that the efficiency of this medicament was strictly limited. 
It could cure certain of the trypanosomiases, caderas (Ehrlich and 
Shiga*), mbori (Laveran*) and dourine (Halberstaedter*) in mice, but 
against other infections in the same or in other hosts, the results, as a 
rule, were far from satisfying. For example, in the treatment of nagana 
in mice or rats a cure was almost never obtained, and the results were 
about as bad even in the treatment of caderas when the rat, instead of the 
mouse, was the host. From the limited efficiency of trypan-red it was 
evident that other and more powerful medicaments were needed and 
several workers, stimulated by the discovery of Ehrlich and Shiga, 
attempted to improve upon it. 

Other Benzidine Dyes.—Nicolle and Mesnil® at the Pasteur Institute, 
Paris, took up the problem. They conceived the idea of submitting to 
a systematic study the series of colors to which trypan-red belonged, 
hoping in this way to obtain medicaments more active than trypan-red 
and seeking to determine the conditions of activity of the active com- 
pounds. In both problems they were, to a certain extent, successful. 
They found a number of colors which were more active against some 
species of the trypanosomes than trypan-red, and determined a few of 
the conditions of activity. 

Table 2.—Compiled from the work and tables of Nicolle and Mesnil,® 
Table 2 shows the curative activity of the benzidine dyes against the try- 


4. Laveran (A.): Le trypanroth dans le traitement de quelques trypanoso- 
miases. Compt. rend. Acad. d. sc., Paris, 1904, cxxxix, 19. 
5. Halberstaedter (L.): Untersuchungen bei experimentellen Trypanosomen- 
Erkrankungen. Centralbl. f. Bakteriol. u. Parasitenk., Orig., 1905, xxxviii, 525. 
6. Nicolle (M.) and Mesnil (F.): Traitement des trypanosomiases par le 
couleurs de benzidine, Premiére partie—¢tude chimique. Ann de I’Inst, Pasteur, 
1906, xx, 417; Seconde partie, étude expérimentale, Ann. de I’Inst. Pasteur, 1906, 


xx, 513. 


102 TRYPANOSOMIASES AND SPIRILLOSES 


panosomes of surra, caderas and nagana in mice. These animals were 
treated only after the typanosomes were visible in the blood and as a 
rule each animal received only one injection of the given medicament. 


TABLE 2.—BENZIDINE DYES.* 


Color of Three species of | 
Try 
reated. 


Chemical Composition. Solution. 


Mouse of 15-20 gm. 


| Symbols of Nicolle 
and Mesnil 
Dose in eg. for 


Surra of India. 5 4 
MaldeCaderas. 4 2 
Nagana. 10 3 


acid, 1. 8. 3. 6. + dichlor Cl. ico blue. 


Amidonaphtol disulphonic 
benzidine. (Alk).t 

Surra of India. 

Mal de Caderas. 


acid, 1, 8.3. 6. + tolidine. 15 
Nagana. | 26 


(Alk.)t (Trypanblau or 
trypan-blue.) 


Amidonaphtol disulphonic 
Blue. 


honic 
acid, 1, 8. 3. 6. tolidine. 
(Alk.)t (Trypanblau or 
trypan-blue.) 


Surra of India.{ 
Mal de Caderas. 6 1 


A Blue. . 
| Nagana, | 9 3 


Naphtylamine disul phonic 
acid, 2. 7,3. 6. + benzi- 
dine. 


B. Naphtylamine  disul- 
phonic acid, 2. 3.6, + ben- 


Alpha vd. Mal de Caderas., 5 
Nagana. 113 | 3 


Surra of India. 7 3 
Mal de Caderas. 6 


Cherry red. 
Nagana. 1 


zidine orthomonosul 
phonic acid (Trypanrot 


or trypan-red.) 


Amidonaphtol disulphonie 
acid, 1, 8.3. 6. + para- 
diamidodiphenylurea, 
(Alk.)t 


Surra of India.§ 
Mal de Caderas., 4 0 
Nagana, 15 1 


Ph, Violet. 


Deep cherry Surra of India.§, 


*For details and for the chemistry of these compounds the work of Nicolle 
and Mesnil* should be consulted. A shorter account of the chemistry of these 
dyes is given in English by Wenyon' and another by Nabarro.* 

7. Wenyon (C. M.): Action of the colors of benzidine on mice infected with 
Trypanosoma dimorphon. Jour. Hygiene, Cambridge, 1907, vii, 273. 

8. Nabarro (D.): Trypanosomes and trypanosomiases. Trans. from the 
French of Laveran (A.) and Mesnil (F.). Chicago, 1907, W. T. Keener & Co. 

t+ (Alk) indicates tliat the union of both side-chains to the base was effected 
in an alkaline medium, 

t Action of the medican.ent “doubtful.” 


§ Action of the medicament “insufficient.” 


Mice, 
| 
| 


B. T. TERRY 
BASIC TRIPHENYLMETHANE DYES 


Malachite Green and Brilliant Green —Following the discovery of 
trypan-red by Ehrlich and Shiga, Wendelstadt and Fellmer published 
their investigations. These had resulted in finding that malachite 
green’ and brilliant green,’’ basic dyes of the triphenylmethane series, 
were active against trypanosomes. Even when given in very small quan- 
tities these new dyes caused the trypanosomes of nagana to disappear 
from the blood of rats. Unfortunately the results were not permanent. 
In one case life was prolonged to the seventy-second day, but by the use 
of these dyes alone no cures were effected. 

Besides being insufficient to effect cures, the dyes of Wendelstadt 
and Fellmer were capable of setting up violent inflammatory processes 
when introduced into the tissues. For this reason in their experiments 
these authors usua/ly injected malachite green into the tails of rats, be- 
lieving that these animals could bear the loss of large portions of the tail 
easier than they could extensive areas of skin. 

Parafuchsin.—Many attempts to find more active medicaments be- 
longing to the triphenylmethane series have been made. After extensive 
experimentation Ehrlich’? has concluded that parafuchsin is probably 
the most active known representative of this series. By repeating sev- 
eral times the subcutaneous injection of this medicament Ehrlich has 
effected a certain number of cures in mice infected with nagana. Unfor- 
tunately, even with parafuchsin, repeated injections are apt to lead to 
necrosis or sloughing of the skin. 

Parafuchsin Feeding.—To avoid these unpleasant sequele, Ehrlich 
attempted to introduce the drug in a different way, namely, by mouth. 
To do this certain technical difficulties had to be overcome, for when 
cakes that had been soaked in parafuchsin were offered to mice Ehrlich 
found that the taste of this medicament was so disagreeable to thes: 
animals that they would starve to death before they would eat them. 
To obviate this difficulty before incorporating it into cakes Ehrlich 


heated the parafuchsin with an excess of oleic acid, converting it into 


a compound that was readily absorbable from the intestine, yet one that 


9. Wendelstadt (H.): Ueber die Wirkung von Malachitgriin und anderen 
verschiedenartigen Stoffen gegen Nagana—Trypanosomen bei weissen Ratteu 
Deutsch. med. Wehnschr., 1904, xxx, 1711. 

10. Wendelstadt (H.) and Fellmer (T.): Ueber Einwirkung von Brilliantgriin 
auf Nagana-Trypanosomen, Ztschr. f. Hyg. u. Infectionskrankh., 1905, lii, 263. 

11. Ehrlich (P.): Chemotherapeutische Trypanosomen-Studien. Berl. klin. 
Wehnschr., 1907, xliv, 233, 280, 310, 341. 
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was no longer distasteful to his animals. After quickly becoming 
accustomed to the new parafuchsin oleate cakes, mice readily accepted 
them and lived on these alone for months at a time. 

Prophylactic Action —Ehrlich found that parafuchsin given in this 
form had a very strong prophylactic action. For example, mice almost 
never became infected with nagana if they were fed on parafuchsin cakes 
for some days both previous and subsequent to the inoculation of the 
virus. Furthermore, they rarely became infected if the feeding was 
commenced simultaneously with the introduction of the virus. 

Curative Action—The curative action of the parafuchsin was not 
pronounced. If the feeding of mice infected with nagana was begun as 
late as twenty-four hours after the introduction of the virus the cures 
effected were rare exceptions. 


THE NEWER COMPOUNDS OF ARSENIC 


The third group is that of the arsenical compounds. As we have 
already stated, the older forms of this medicament were insufficient. It 
is not to these but to the newer forms, atoxyl and its derivatives, that I 
wish to direct attention. 

Atoryl.—Atoxy| is the sodium salt of paramidophenyl arsenic acid 
and contains 24.1 per cent. of arsenic’'. It had been used for about 
three years in the treatment of skin diseases and anemias before its 
action on diseases caused by the trypanosomes was known. Its introduc- 
tion into the therapy of the trypanosomiases by Thomas’? in 1905 
marks a great advance in our attempts to cure these diseases. 

The Advantage of Atoryl.—Compared with the older arsenical prep- 
arations atoxyl possesses several distinct advantages. One of these is 
its slight toxicity. According to Blumenthal’ atoxyl is 1/40 as toxie 
as Fowler’s solution. Another advantage is that injections of the newer 
compound are less painful and irritating and are said not to lead to 
sloughing of the skin. Most important of all, however, is the fact that 
the improvement which is noted after the use of the drug is far more 
apt to be permanent. In the treatment by atoxyl of various animals 
infected with the organisms of nagana, surra, ma! de caderas, dourine 


12. Thomas (H. W.): Some experiments in the treatment of trypanosomiasis. 
Brit. Med. Jour., 1905, i, 1140. 

13. Blumenthal (F.): Ueber Metarsensiiureanilid (Atoxyl) Med. Woche, 1902, 
iii, 163. 
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and sleeping sickness, ‘Thomas,’*** Uhlenhuth,’® Nicolle and Mesnil,° 
Yakimoff,*® Ehrlich,’ Browning,’ and others seem to have effected a 
certain number of definite cures. 

Rapid Action of Atoryl.—When injected in the proper therapeutic 
dose into animals infected with trypanosomes the action of atoxy] is 
usually rapid. In a number of cases Thomas’? found involution 
forms in the blood of the infected animals four to six hours 
after the administration of the drug, and by the eighteenth hour all 
the organisms had disappeared. While this may be regarded as the 
common course of events, exceptionally the injection of this medicament 
is less effective. Out of 105 mice infected with the organisms of nagana 
and receiving only a single injection of atoxyl, Browning states that 
from the blood of twenty-four of these the trypanosomes never disap 
peared and the animals died of the disease. 

Prolonged Treatment With Atoxyl.—In the treatment of the vari- 
ous trypanosomiases by atoxyl the best results have been obtained by 
giving the drug repeatedly over a long interval of time. Thomas and 
Breinl,** who have tested the drug on a large number of animals infected 
with various trypanosomes, state that it is necessary to continue the 
administration of the medicament after all the favorable signs are pres- 
ent. As a rule they gave one or more injections each week for one to 
three months. In spite of this seemingly thorough treatment, from a 
report by Breinl and Todd,’* it would seem that a certain number of the 
animals which Thomas and Breinl regarded as cured afterward had 
relapses and died of the disease. The experience of those who have 


tested the drug most thoroughly indicates that a single injection of 


atoxyl is rarely suffiaent and that even when numerous injections are 
made over a long period of time in many cases cures are not effected, 

14. Thomas (H. W.) and Breinl (A.): Report on trypanosomes, trypanoso- 
miasis and sleeping sickness, being an experimental investigation into their path- 
ology and treatment by H. W. Thomas, and a description of the tissue changes by 
A. Breinl. Mem, 16, Liverpool Sch. ‘Trop. Med., Liverpool, 1905, Williams and 
Norgate. 

15. Uhlenhuth, Gross and Bickel: Untersuchungen uber die Wirkung des 
Atoxyls auf Trypanosomen und Spirochiiten. Deutsch, med. Wehnschr., 1907, 
XNNiii, 129. 

16. Yakimoff (W. L.): Zur Behandlung der Dourine. Therapeutische Versuche 
mit Trypanrot an Laboratoriumstieren. Centralbl. f. Bakteriol. u. Parsitenk., 
Orig., 1907, xlv, 437. 

17. Browning (C. H.): Experimental chemotherapy in trypanosome infections. 
Brit. Med. Jour., 1907, ii, 1405. 

18. Brein) (A.) and Todd (J. L.): Atoxyl in the treatment of trypanosomiasis, 
Brit. Med. Jour., 1907, i, 132. 
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Atoxyl and Sleeping Sickness.—Although atoxyl has been shown to 
possess a certain value in the treatment of experimental trypanosomiasis, 
its claim to our attention is derived Jess from this than from its import- 
ance in the treatment of human trypanosomiasis, or sleeping sickness. 
As a remedy against this infection practically all observers are agreed 
that atoxy!l is the best medicament vet tried. 

The Administration of Atoryl—Concerning the proper dose and the 
proper method of administering atoxyl there has been a great diversity 
of opinion. A discussion of these differences can not be entered into 
here. It seems more profitable to give instead the conclusions of Robert 
Koch,? whose experience with this medicament in the treatment of sleep- 
ing sickness is far greater than that of all the other investigators com- 
bined. 

The Duse-—According to Koch the proper dose of atoxyl in the treat- 
ment of human beings is 0.5 gm. In the case of sleeping sickness to 
use less is to delay the cure and to invite failure. To use more is dan- 
gerous, as Koch discovered when at one time he injected doses varying 
between 0.5 and 1 gm., hoping by this means to hasten the cures. In 
some of the patients that received these larger doses Koch soon observed 
a symptom he had never seen in untreated patients or in those that had 
received only 0.5 gm. This was a blinding, which in a comparatively 
short time developed in both eyes. In the beginning it was hoped that 
this symptom might be only temporary, but in Koch’s patients, unfor- 
tunately, no improvement appeared and they remained permanently 
blind. As soon as Koch became convinced that the blinding was due 
to atoxyl the large doses were immediately reduced to 0.5 gm. and no 
other cases of blindness developed. In this connection it is interesting 
to note that the larger doses of atoxyl gave no better results than did 
the 0.5 gm. doses. 

The Double Dose—The 0.5 gm. of atoxyl is given by Koch on each 
of two succeeding days. In his experience this method has been much 
more effective than the injection of a single 0.5 gm. In one case 
in which only a single injection of this amount was given, the trypa.. 
osomes reappeared in the blood after only five days. On the other hand, 
where the double injection was given the trypanosomes were much later 
in reappearing. 

Double Injections Repeated.—With suitable intervals between, the 
double injections must be repeated many times to effect a cure. After 
extensive experimentation the method that Koch finally adopted gave 
excellent results. It is as follows: Half a gram of atoxyl is injected 


subcutaneously or intramuscularly on each of two succeeding days, and, 
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with intervals of ten days between, this double treatment is repeated 
for many months. 

Internal Administration of Atoxyl.—With the internal administra- 
tion of atoxyl Koch has had no success. The 0.5 gram dose given by 
mouth was found to be insufficient, as in about 30 per cent. of the cases 
the trypanosomes returned during the treatment. On the other hand, 
larger doses than this could not be used, as they called forth toxie symp- 
toms just as similar doses had done when injected subcutaneously or 
intramuscularly. 

Sleeping Sickness. — Before taking up the results obtained with 
atoxyl in the treatment of sleeping sickness a few words about the dis- 
ease may not be out of place. Sleeping sickness is the name applied to 
the infection produced in human beings by Trypanosoma gambiense. 
The name, however, while aptly fitting the last stages of the infection 
is not at all descriptive of the earlier ones, in which the enlargement of 
the cervical glands may be the only objective sign. Nevertheless an 
early diagnosis of the infection can easily be made by puncturing one 
of the enlarged glands and examining its contents microscopically. In 
this way the trypanosomes are so readily detected by skilled observers 
that Koch? reports finding them in 347 out of 356 glands examined. 

Koch's Classification.—In order to make clear the action of atoxv! 
on his sleeping sickness patients, Koch found it desirable to divide 
those who came for treatment into two classes, the “slightly ill” and 
the “severely ill.” In the slightly ill the only objective sign was the 
enlargement of the lymph glands, with the presence in these of trypan- 
osomes. The patients felt unwell and complained of weakness, espe- 
cially in the lower extremities. They often had pains in the head, breast 
or limbs. In these patients the duration of the disease varied from one 
month to a year or more. In the severely ill objective signs became 
prominent. The weakness that was previously subjective now often 
manifested itself in a trembling of the limbs, a dragging of the feet or 
a tottering gait. As this weakness became more and more marked the 
patients passed successively through the stages in which they walked 
alone with difficulty, then with a stick, and at last only when supported 
on both sides. Finally they could neither stand nor sit without being 
supported, consciousness was lost and death seemed close at hand. 

The Slightly Ill.—The best results that Koch has had were obtained 
in the treatment of his first class, the slightly ill. Following the injec- 
tions of atoxyl the trypanosomes disappeared promptly from the circu- 
lating blood and from the lymph glands, and the enlarged glands 
decreased in size until after sixty days, as a rule, they were no longer 
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palpable. The symptoms of the disease were also favorably influenced, 
but the improvement here was slower in making its appearance. It was 
usually not noted until three or four weeks after the commencement of 
the treatment. The patients then began to feel better, their pains 
decreased and disappeared, their strength returned and they were again 
able to walk and work without inconvenience. In cases of this class 
Koch? believes that a cure can be effected in four to six months. 

The Severely Iil.—The results of the treatment of the severely ill 
have not been so good. This class was a large one and contained a num- 
ber of patients that were desperately ill. When brought for treatment 
some were unconscious and apparently had only a short time to live. 
Under the influence of the atoxyl treatment, however, a number even of 
these have improved so much that they can again walk without assist- 
ance. Not a few have apparently been cured, their health remaining 
good during the ten months they have been under observation. Never- 
theless the mortality has been high. Of the 374 patients 78, or 22.9 
per cent., are already dead. This 78, however, includes a number that 
were so near death’s door when they arrived that they lived to receive 
only 1 or 2 injections. If the patients that were insufficiently treated 
were excepted the death rate in this class would be only about half of 
what is here recorded. Comparing the mortality of the treated with that 
of untreated patients during a similar interval of time, Koch finds that 
the former is only a tenth or twentieth of the latter. 

The Native-—The results obtained by Koch will be better appreciated 
if some of the characteristics of his patients, the African natives, are 
mentioned. Although in the beginning the negro is anxious to be 
treated, he makes a very bad patient. In order that the treatment may 
be successful it should be given for a long time, at frequent intervals, 
and in maximum doses. The negro, however, is not disposed to undergo 
a prolonged course of treatment. As soon as he feels a little better or 
becomes tired of the treatment he is apt to run away. Neither will he 
stand much pain. Since the internal administration of atoxyl has 
proved to be insufficient, this medicament is always given hypoder- 
mically. At times a single injection given in this way is sufficient to 
cause the negro to remain away for months before returning for a second 
injection. In the case of the colors, the injection of which is evidently 


quite painful, the dose can not be regulated by what is therapeutic- 
ally necessary, but by the amount the patient will stand. So it comes 
about that in not one of the 1,633 patients that Koch has had has he 
been able to administer the treatment exactly as he would have liked. 
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With such patients to treat the results Koch has obtained are al! the 


more remarkable. 

Caution.—In spite of the favorable results of Koch, it is impossible 
at present to know whether or not any of his patients have been cured. 
It is true that no signs of a relapse have appeared in the patients he 
has treated for ten months, but this interval is entirely too short to ena- 
ble us to conclude that the patients are cured. After two months of 
treatment some of the patients appeared cured, and the treatment was 
interrupted. The relapses that followed showed that a cure had not 
been effected. 

Kopke’s Unfavorable Results.—In this connection we should recal! 
the results of Ayres Kopka,’® whose experience in the treatment by atoxy] 
of sleeping sickness is longer, if not so extensive as that of Koch's. In 
spite of the fact that Kopke has used large doses of atoxyl and has 
administered the drug for many months, his results have been distinctly 
unfavorable. Of his ten patients this investigator in 1906 reported bav- 
ing lost six. 

In a later report*® Kopke gives the results of treating twenty-eight 
blacks and one white man. Of the twenty-nine only six were still living. 
For two of the latter the treatment had been stopped, in one case for a 
short while only, in the other for nine months. At the time of the 
report the last-mentioned patient was afflicted with partial blindness 
as a result of the treatment. Two of those that died had been treated 
for over a year, one for fifteen, the other for twenty-one months. In this 
time the first had received 39, the second 54 grams of atoxyl. In spite 
of the large quantity of the medicament that had been administered, 
trypanosomes were found in the fluid withdrawn from these two patients 
at the last lumbar punctures made before their death. 

Acetyl-Atoryl and Parorybenzyliden-Atoryl—Until recently atoxyl 
was our most efficient arsenical preparation. ‘Thanks to Ehrlich, how- 
ever, we now possess two other medicaments which, while containing 
about the same percentage of arsenic as atoxyl, are, for the mouse, only 
one-tenth as toxic. These preparations are acetyl-atoxyl and paroxy- 
benzyliden-atoxyl, and in experiments on nagana in mice they have been 
found more than ten times as efficient as atoxyl. For example, Brown- 
ing,’ in Ehrlich’s laboratory, treated sixty-four mice with atoxyl. Of 
these, five, or a little less than 8 per cent., were cured. Under similar 


19. Kopke (Ayres): Trypanosomiasis humaine, xv Cong. internat. de méd., 
Lisbon. Section xvii, 1906, 233. 

20. Kopke (Ayres): La maladie du sommeil. Ber. ti. d. xiv Internat. Kong. f. 
Hyg. u. Demographie, Berlin, Sept. 23 to 29, 1907, iii, 720. 
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conditions 33 nagana mice were treated with the newer preparations and 
31, or 93 per cent., were cured. 

According to Browning" these two newer preparations are the most 
eflicient therapeutic agents known in the treatment of nagana infections 
in mice. If the treatment is instituted twenty-four hours after the 
infection begins, this investigator states that practically a certain cure 
can be effected with a single injection of these medicaments. 

The Time of Intervention —The results of treatment with these 
newer preparations indicates that the earlier the treatment is begun the 
hetter chance there is of effecting a cure. As has already been stated, 
srowning has found that he can effect a cure in practically all cases of 
nagana in mice by employing acetyl-atoxyl or paroxybenzyliden-atoxy! if 
the treatment is begun within twenty-four hours after the introduction 
of the virus. If, on the other hand, he waited until forty-eight hours 
after the infection commenced he found that a single injection of these 
medicaments no longer sufficed to effect a cure. Of eight mice treated in 
this way all died of the infection. In order to effect cures at this late 
stage of the infection—twelve to eighteen hours before the expected 
death of the mouse—Browning"™ found it necessary to resort to repeated 
injections of the medicaments, and even then only about half of the ani- 
mals were cured. Thus, in the treatment of 22 mice, by repeating the 
injections three to five times in each case, Browning cured 12, or 55 per 
cent., of them. 

So strikingly good are the results obtained with acetyl-atoxy! and 
paroxvbenzvliden-atoxyl in the treatment of mice that it seems incum- 
bent on us to test these drugs wherever atoxyl has been found of value. 
In the beginning, however, one should proceed with great caution. It 
is not permissible to conclude that in other species of animals the results 
will be equally good, merely because favorable results have been obtained 
in the treatment of mice. In fact, Ehrlich" has already determined that 
these medicaments vary greatly in their toxicity according to the species 
of animal treated. For the mouse, in which such brilliant results have 
heen obtained, these newer preparations are peculiarly non-toxic. Un- 
fortunately the same can not be said of their action on the horse and the 
guinea-pig. 

ANTIMONY COMPOUNDS 

A fourth group of medicaments active against the trypanosomes has 
recently been introduced. This is the group of the antimony compounds. 
The most active member of this group that Plimmer and Thomson*' 


21. Plimmer (H. G.) and Thomson (J. D.): Further results of the experi 
mental treatment of trypanosomiasis in rats; being a progress report of a com- 
mittee of the Royal Society. Proce. Roy. Soc., London, No. B, 536, 1908, Ixxx, 1. 
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have tested is sodium antimony! tartrate. From their work on rats 
infected with the organisms of surra and nagana this medicament is 
regarded by these writers as superior lo atoxyvl. Its action on the trvpan- 
osomes is decidedly quicker. After its administration, at times within 
one-half hour, and usually within two hours, the trypanosomes dis- 
appear completely from the peripheral circulation, although they 
may have been numerous when the injection was made. Of  thirty- 
nine animals treated with sodium antimony! tartrate the majority were 
living fifty-two days later. Unfortunately this interval is too short for 
us to draw from it any definite conclusions, 

Independent of Plimmer and Thomson and before the publication 
of their paper, other investigators turned their attention to the antimony 
compounds, Mesnil and Brimont*? working with potassium antimony! 
tartrate, found that the injection of the therapeutic dose of this medica 
ment usually caused the trypanosomes to disappear from the peripheral 
circulation of the infected animals in about two hours. In many cases, 
however, the disappearance was only temporary, the percentage of cures 
effected varying with the organisms causing the infection. With mice 
infected with surra of India, surra of Mauritius and dourine these 
investigators have been able to effect cures in the majority of the cases 
after a single injection of the medicament. On the other hand, in the 
treatment of animals infected with the organisms of mal de caderas, 
Gambian horse sickness, sleeping sickness and two species of nagana, 


the results have been much less satisfactory. 


AND DANGERS 


DRAW BACKS 


In attempting to solve a problem as difficult as that of the therapy 
of the trypanosomiases, it seems almost inevitable that many substances 
should be tried which eventually will have to be abandoned. While the 
ives, or colors, were the medicaments with which our first successes in 
the treatment of the trvpanosomiases were attained, the drawhack- 
attending the use of most of these are so great that we are inclined to 
think they will play a minor réle in the therapy of the future. 

The Dyes.—In addition to imparting a bright, unnatural color (rel, 
blue or violet) to the skin and mucous membranes, the subcutaneous 
injection of the dyes seems to be quite painful and, in a certain number 
of cases, leads to induration or sloughing of the skin, to nephritis, or te 

22. Mesnil (F.) and Brimont (E.): Sur l'action de lémétique dans les trypan 


osomiases, note préliminaire, Bull. de la Soe, path. exotiq., 1008, i, 44: Sur la 
valeur curative de Témétique dans les diverses trypanosomiases, ibid, 212. 
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a chronic intoxication which may bring about the death of the animal 
long after the infection with the trypanosomes has apparently been 
cured. 

Atoxyl—As valuable as atoxyl has proved to be in the treatment 
of sleeping sickness, in the use of this medicament too much care can 
not be exercised. It has been clearly and repeatedly demonstrated that 
large doses of this drug may lead to permanent blindness. ‘Twenty- 
two of Koch’s 1,633 patients lost their sight and Kopke’s experience has 
been relatively much worse. Of 29 patients treated 6 had ocular trouble 
and in 4 the blinding was complete. Fortunately for the future of the 
atoxyl therapy it seems that the blinding effect of this drug may be 
avoided by paying scrupulous attention to the dosage. In Koch’s vast 
experience, loss of vision was observed only in those that received injec- 
tions of more than 0.5 gram. 

Acetyl-A toxy!.—While in no way wishing to suggest that larger ani- 
mals and man will behave under medication as mice and rats do, I 
should like to call attention to a phenomenon in these animals which 
is curious, persistent and little understood. Ehrlich™* was the first 
to notice that, when mice were treated with acetylatoxyl, not infrequently 
their characteristics became profoundly altered. Following therapeutic 
injections of this medicament in a certain number of cases these animals 
were converted into dancers or waltzers resembling strikingly the long- 
known Japanese waltzing mice. Round and round in their jars they 
would spin, first in one direction and then in the other. When once the 
dancing habit was acquired it usually persisted until the death of the 
animal. Often this did not occur until many months afterward. 


RESISTANT STRAINS 


One of the most interesting and important recent discoveries in con- 
nection with the trypanosomes is, that these organisms can acquire a 
marked resistance to medication. This resistance was first suspected by 
Ehrlich"' in mice infected with nagana and treated with parafuchsin 
cakes. Occasionally after the feeding was discontinued relapses occurred, 
In such cases, if the feeding was again resorted to, the trypanosomes 
disappeared from the circulation, but tended to reappear after the feed- 


ing was stopped. In some cases, with each successive relapse, the para- 
sites yielded less and less readily to treatment, until a time finally came 
when the trypanosomes could no longer be driven from the circulation 
by the parafuchsin. Ehrlich concluded that one of two things had 
occurred. Either the organism of the mouse had acquired the power of 
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rendering the parafuchsin harmless or the trypanosomes had become 
resistant to this medicament. A simple experiment showed that the 
latter hypothesis was the correct one. Into a normal mouse trypano- 
somes which no longer responded to treatment were inoculated and fee- 
ing with parafuchsin was instituted. It was found that this medicam nt 
was no longer able to drive the trypanosomes from the circulation. 
Mice infected with these organisms died in spite of treatment. The 
virus had acquired a new characteristic. A race of trypanosomes resist- 
ant to parafuchsin had been produced. 

A General Phenomenon.—That parafuchsin was not the only drug 
against which trypanosomes could be rendered resistant was soon evident. 
By means of the principle of insufficient treatment, races of trypanosomes 
have been produced which are resistant to several different medicaments. 
In the preparation of these feeding was usually resorted to, but in the 
case of medicaments not easily absorbed from the alimentary tract (try 
pan-red and trypan-blue, for example), these were injected in smal! 
quantities hypodermically, the doses being chosen so as to prolong life 
without rendering the blood free from the parasites. In this way races 
of trypanosomes have been produced which are resistant to one or mori 
members of the four groups of medicaments now known to be active 
against trypanosomes. It seems possible to Ehrlich that we are here 
dealing with a general phenomenon, and that we will probably be able 
to obtain races resistant to other groups of trypanocidal chemicals, if, as 
is to be expected, these shall be found. 

Persistence of Resistance-—When resistance to medication has once 
been acquired it tends to persist for an indefinite time. In Ehrlich’s 
laboratory it has been found that 4 race of trypanosomes resistant to 
fuchsin retained its resistance to this medicament after passing through 
twenty-five normal mice. On testing the same strain after the fortieth 
passage, however, it was found to be no longer resistant. Similarly a 
strain of trypanosomes resistant to atoxy] at the end of six months wa- 
found to haye lost its resistance after seven and three-fourths months 
(eighty-seventh passage). Some strains, on the other hand, have as vet 
shown no signs of losing their resistance. 

Browning" reports that a strain resistant to atoxyl retained its resist- 
ance after passing through 140 normal mice in the course of fourteen 
months. 

Behavior Toward Other Medicaments.— A race of trypanosomes 
resistant to one medicament is usually resistant to certain other closely 
related medicaments. For example, trypanosomes that have become 
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resistant to atoxvl acquire at the same time more or less resistance to 
acetyl-atoxyl and to paroxybenzyliden-atoxyl, and races resistant to 
trypan-red become in the same way resistant to trypan-blue. Neverthe- 
less a race of trypanosomes resistant to one medicament or to a group 
of medicaments is not resistant to all. Toward medicaments of other 
groups (Table 1) it seems to acquire no resistance, being as susceptible 
to treatment with these as was the original species from which the race 
was developed. For example, trypan-red resistant races are not at all 
resistant to parafuchsin or to atoxyvl, and atoxyl-resistant races show 
no resistance to trypan-red or to parafuchsin. 

Multiple Resistant: Races—When a race of trypanosomes becomes 
resistant to a medicament, or to a group of these, its ability to acquire 
a resistance to other medicaments seems to be in no wise altered. Races 
of trypanosomes having a double and even a triple resistance have been 
produced. After having been first rendered resistant to atoxyl a strain 
of trypanosomes acquired a resistance to trypan-blue and then to para- 
fuchsin. In this way a single strain of trypanosomes finally came to 
possess a strong resistance to all three of the groups of medicaments at 
that time known to be active against trypanosomes. 

Natural Variability of Trypanosomes.—lt is important to realize 
that the characteristics of trypanosomes are more or less variable and 
unstable. As we have already seen, under the influence of prolonged 
and insufficient treatment they easily acquire a resistance to the medica- 
ment used. This resistance may be completely lost in the course of a 
few months, or it may be preserved for a very long time, possibly for 
vears. In addition to these acquired variations certain others have been 
noted in organisms that have never previously been subjected to treat- 
ment. If one attempts to treat a given species of the trypanosomes with 
a certain medicament, at one time the organisms may appear highly 
resistant, at another very susceptible. To distinguish these two phases 
Ehrlich’ proposes to call the race resistant to treatment fenar, that sus- 
ceptible to treatment debilis, At times the simple passage of the try- 
panosomes through a rabbit suffices to convert a resistant (fenar) strain 
into a non-resistant (debil/is) strain. 

According to Ehrlich, the terms fenar and debilis have nothing to 
de with the virulence of the organisms. They refer merely to the resist- 
ance of the parasites toward a specific medicament. In one case an 
original nagana strain was separated into two strains, one of which 
was fenar, the other debilis to trvpan-red. Nevertheless, for animals 


these two sirains were found to be equally pathogenic. 
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COMBINED TREATMENT 

If the curing of cases that experience has shown are diffieult of treat- 
ment be taken as the test of efficiency, probably the best results thus far 
obtained in the various experimental trypanosomiases have been secured 
hy means of combined treatment. By combined treatment is meant the 
simultaneous or alternate use of two or more medicaments or methods 
of administration. 

The value of thus associating two remedies in the treatment of ex- 
perimental trypanosomiasis was early pointed out by Laveran. By 
injecting arsenious acid and following this up twenty-four hours later 
with trvpan-red Laveran* was able to effect definite cures where either 
of the medicaments used alone always failed. 

Atoryl and Mercury.—In the treatment of nagana in rats Moore, 
Nierenstein and Todd?* report having recently combined with marked 
success injections of atoxyv! with those of the bichlorid of mereury. By 
giving atoxyl and then, after the trypanosomes had disappeared, inject- 


ing large doses of the bichlorid of mercury, these workers found that, 


of twenty-five rats thus treated, seventeen survived, apparently cured. 


The cause of death of four was unknown. ‘Two were sacrificed and 
their organs were examined with negative results. Only two died of the 
trypanosomes. This result is all the more striking when we note that, 
of the fourteen rats used as controls and treated with atoxyl alone, not 
one was cured. 

Acetyl-Atoryl and Atoxryl-feeding.—One of the most striking exam- 
ples of the value of combined treatment is furnished by Browning." 
Into each of eleven mice richly infected with nagana Browning injected 
0.025 gm. of acetyl-atoxvl, and the next day began to feed these animals 
on biscuit containing atoxvl. The feeding was continued for ten or 
eleven days. Of the eleven animals thus treated, ten were permanently 
cured. With the same strain of trypanosomes and at a similar late stage 
in the infection, control experiments by the same author indicate that 
repeated injections of the acetyl-atoxyl would have saved only 55° per 
cent. of these animals, while, if the medicament had been given only 
once, none gf them would have been cured, 


23. Moore (B.), Nierenstein (M.) and Todd (J. L.): On the treatment of 
trypanosomiasis by atoxyl (an organic arsenical compound), followed by a mer 
curie salt (mereurie chlorid), being a biochemical study of the reaction of a 
parasitic protozoon to different chemical reagents at different stages of its lif 
history. Bio-Chem,. Jour., 1907, ii, 300, 
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THE SPIRILLOSES 

From the treatment of the trypanosomiases we now turn to that of 
the spirilloses. The term “spirillosis” is used in a general sense and 
means an infection caused by spiral organisms. The spirilloses, there- 
fore, include infections with a variety of organisms, spirilla, spirochetes 
and treponemas. The only diseases that we shall take up here will be 
the South American spirillosis of fowls, African tick fever, European 
recurrent fever and syphilis. With the exception of the first, man is 
subject to all of these. 

Treatment of the Spirilloses—Uhlenhuth*® was the first to apply 
to one of the spirilloses treatment found effective among the trypano- 
somiases. In so doing he was influenced by the analogy which exists 
between trypanosomes and spiral organisms, and especially by the view 
of Schaudinn, that certain spirochetes represent special developmental 
stages of trypanosomes. 

THE SPIRILLOSIS OF FOWLS 

The spirillosis of fowls was the first of these diseases successfully 
treated. According to Uhlenhuth,”* this spirillosis begins with a high 
fever and diarrhea and often terminates in a fatal septicemia. The 
cause of the disease, Spirillum gallinarum, was discovered by Marchoux 
and Salimbeni in Rio de Janeiro in 1903. It is conveyed from chicken 
to chicken in nature by a small tick, Argas miniatus. In untreated 
experimental animals, the spirilla appear in the blood on the second day 
after inoculation, increase in number until the fourth to the sixth day, 
when they are present in very large numbers. On the seventh to the 
ninth day the crisis occurs, the organisms suddenly disappear from the 
circulation, and the animals that survive are immune. A natural im- 
munity is seldom encountered. In inoculating forty fowls, Uhlenhuth 
found it only twice. 

Atoryl and the Spirilloses of Fowls—The drug that Uhlenhuth** 
found most efficient in the spirillosis of fowls was atoxyl. As a rule, it 
was injected intramuscularly, the usual dose for a chicken being 0.25 
gm. When used in this way the drug was found to exercise both a 
preventive and a curative action. If, for example, the atoxy] was in- 
jected into infected fowls before the appearance of. the spirilla, these 
organisms were never found by examining fresh specimens of blood. If, 
on the other hand, the drug was used curatively, being injected much 
later, at a time when the spirilla were present im large numbers, these 
disappeared in twenty to thirty hours, while the blood of the controls 
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still teemed with the organisms. The use of atoxyl, either preventively 
or curatively, was followed by a lasting immunity. 

Slow Action of Atoxyl_—Although atoxyl may be used prophylactic- 
ally and curatively, in neither case does the drug bring about an imme- 
diate and complete extermination of the parasites. For a few days fol- 
lowing the injection of the medicament, the parasites are present in 
scanty numbers in the blood of the treated animals and may be detected 
by injecting the blood into susceptible animals or by carefully searching 
well-stained specimens of the blood.** Even when atoxy! is mixed with 
the virus previous to the injection, the blood of animals receiving the 
mixture is infectious for other animals one, two and even three days 
after the injection.*° 

Determining the Therapeutic Dose—In determining the maximum 
quantity of atoxyl that may be used in the treatment of animals infected 
with Spirillum gallinarum, it is not always safe to rely on results ob- 


tained by experimenting on normal animals. For example, Levaditi 


and MacIntosh®* have found that the normal calfat. or Java sparrow 


(Padda oryzivora), can bear the subcutaneous injection of 5 mg. of 
atoxyl, while 2 mg. is all the infected bird can safely withstand. 

Atoryl in Vitro.—The action of atoxyl on Sp. gallinarum has been 
studied in vitro. Levaditi and MacIntosh** suspended the spirilla in a 
solution of atoxy! stronger than that necessary to cure the calfat and 
studied the effect at room temperature and at 38 C. No marked differ- 
ence was observed between the spirilla in the atoxyl solution and those 
suspended in isotonic salt solution. At room temperature the parasites 
preserved their motility for several hours. Still more striking are the 
results of Uhlenhuth and Gross,** who studied the effect of atoxy! on the 
parasites at a lower temperature. These investigators mixed 1 c.c. of 
blood rich in spirals with 1 ¢.c. of a 1 per cent. solution of atoxyl and 
placed the mixture in the ice-chest. In this mixture the virulence of 
the organisms was retained for six days and motile spirilla were ob- 
served as late as the eighth day. 

Atoryl in Vivo.—In an attempt to determine the action of atoxy! 
in vivo, Levaditi and MacIntosh injected subcutaneously and intra- 
peritoneally into fowls and calfats a solution of atoxy! containing the 
spirilla in suspension and studied the effect of the medicament on these 


24. Ublenhuth and Gross: Untersuchungen iiber die Wirkung des Atoxyls auf 
die Spirillose der Hiihner. Arb. a. d. k. Gsndhtsamte., 1907, xxvii, 231. 

25. Levaditi (C.) and MeIntosh (J.): L’Influence de l'atoxy! sur la spirillos 
provoquée par le Spirillum gallinarum. Compt. rend. Soc. de biol., 1907, Ixii. 
1090 
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organisms by withdrawing a little of the fluid from time to time and 
examining it. The results were similar in the fowls and in the calfats. 
For a time the spirilla retained their motility, but after several hours 
this was lost and they agglutinated. In the controls, which received the 
spirilla suspended in salt solution, the parasites never lost their motility. 

No Fixation by Atoxyl.—That atoxyl is not fixed by Sp. gallinarum 
has been shown by Levaditi and MacIntosh. Ten drops of blood rich in 
spirilla were mixed with fifty drops of a 2 per cent, solution of atoxyl. 
After two hours’ contact the spirilla were freed from the atoxyl by wash- 
ing and centrifugation and then injected into normal calfats. These 
animals became infected, as did the controls. 

The Influence of the Host.—In the treatment by atoxyl of an infee- 
tion with Sp. gallinarum, the species of the animal infected may play an 
important part. Levaditi and MacIntosh have shown that when the 
mouse is inoculated intraperitoneally with these spirilla it takes the 
spirillosis in a fairly accentuated manner, but the infection is of short 
duration and not transmissible in series. Against this infection in the 
mouse atoxyl seems to be without effect. Even when the medicament 
is mixed with the virus before it is injected into the mouse, the infection 
is not prevented and runs a course that is indistinguishable from that 
in the controls. 

How Atoxyl Acts —From these experiments Levaditi and MacIntosh 
conclude that atoxvl acts only by the intermediation of the animal or- 
ganism. They believe that this medicament modifies the host in such a 
way that the means normally employed to rid it of the spirilla are exag- 
verated. In this way the infection is rendered light, almost impercepti- 
ble, and the crisis is called forth earlier than the one that normally puts 
an end to the infection. The appearance of this critical process is de- 
termined by atoxyl, even in those animals, like the calfats, in which it 
seems never to occur in nature. Unless treated, these birds regularly 
die of the infection. That these animals have a veritable crisis following 
the injection of atoxyl is indicated by the fact that they become refrac- 
tory and elaborate antibodies which may be detected by experiments in 
ritro, for example, the immobilizing action of the serum.** 

AFRICAN TICK FEVER. 

African tick fever (Spirtllum duttoni) is the next spirillosis to be 

considered. In the treatment of the experimental infection with the 


organisms of this disease, Vassal’s*" best results have been obtained with 


the benzidine dves, or colors, The red colors were superior to the blues, 


the most efficient medicaments being trvpan-red and alpha (naphtvla- 
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min disulphonic acid 2736 plus benzidin; see Table 2) of Nicolle and 
Mesnil. 

Sp. Duttoni in Untreated Mice—In Vassal’s untreated mice the 
spirilla generally appeared in the blood of the animals in less than 
twenty-four hours after an intraperitoneal inoculation of the virus. The 


organisms increased rapidly during the next two or three days until 


they became more numerous than the red blood corpuscles. They then 
began to decrease and on the sixth to the seventh day suddenly disap- 
peared. The first relapse occurred, as a rule, a day or two later, the 
spirilla reappearing in the blood to remain one, two or three days. 

Trypan-Red and Alpha—According to both trypan-red 
and “alpha” exert a protective and a curative action on this spirillosis 
in mice. If either is injected subcutaneously in the therapeutic dose, 
simultaneously with the intraperitoneal injection of the virus, the ap- 
pearance of the spirilla in the blood is sometimes completely prevented, 
sometimes delaved until the time of the first relapse. If, on the other 
hand, the colors are administered twenty-four to forty-eight hours after 
the inoculation of the virus, at a time, therefore, when the spirilla are 
more or* less numerous in the blood, the organisms disappear within 
twenty-four hours, while in the controls they are still swarming. 

Malachite Green.—In the treatment of mice infected with the spi- 
rilla of African tick fever, Vassal** found that malachite green did not 
have an appreciable influence. 

Atoryl.—However useful atoxyl may be in the treatment of certain 
spirilloses, animal experiments indicate that it has little or no activity 
against the organisms of African tick fever. In 1906, according to Vas- 
sal.** Levaditi used atoxyl to free the tick-fever virus of a trypanosome 
that accompanied it, and somewhat later the former investigator?* 
working with the same virus, found that atoxvl was without influence 
on the course of the infection in mice. 

Atoryl in the Treatment of Man.—lIn the treatment by atoxvl of 
tick fever in man, a similar failure is reported by Breinl and King- 
horn.2? Two cases of this disease were studied at the Live rpool School 
of Tropical Medicine. From the very first day both patients were given 
injections of a 20 per cent. solution of atoxyl. The injeetions were 
made daily for two weeks, beginning with 0.6 c.c. and increasing to 1 
cc. In spite of this, no influence was observed either on the parasites 
or on the course of the infection. 


26. Vassal (J. DL): Action des couleurs de benzidine sur le spirille de 
“tick fever” (Np. duttons). Compt. rend, Soe, de biol., 1907, Iwii, 414. 

27. Breinl. ( A.) and Kinghorn (A.): Ueber die Wirkung des Atoxvl bei afri 
kanischem Riickfallfieber. Deutsch. med. Webnschr., 1907, xxviii. 200, 
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EUROPEAN RELAPSING FEVEK 

The third spirillosis that we are to take up is European relapsing 
fever, the etiological agent of which is the long known Spirillum ober- 
meieri. According to the work of Glaubermann,”* atoxyl, when admin- 
istered in large doses, seems to have a favorable effect on this infection. 
In the course of a violent epidemic of the fever that raged in Moscow 
in the spring of 1907, this investigator treated seventy patients. In 
each instance the true nature of the disease was determined by the find- 
ing of the organisms in the blood, and in the undoubted cases only those 
patients were chosen for treatment who were shown by their histories to 
be having the first attack. In order to have comparable results, in no 
case was the atoxyl treatment instituted until the day after the fall of 
temperature at the end of the first attack. The treatment was given 
daily. The first thirty patients received comparatively small doses, 
varying between 0.6 and 1.7 gm. in the course of six to eleven days. 
These patients were manifestly less well influenced than forty others 
that received 1.8 to 4.6 gm. of the medicament in seven to fourteen days. 
The maximum dose given was 0.5 gm. In the treated patients the inter- 
val between the first attack and the first relapse was apparently not 
altered by the atoxyl, but where a relapse occurred the duration of this 
was shortened by about forty hours, and in a number of cases the re- 
lapse seemed to have been prevented. For example, in untreated patients 
Glaubermann observed a first relapse in 87 per cent. of the cases, where- 
as in the forty patients last treated it occurred in 32 per cent. 


SYPHILIS 


Atoxyl and Syphilis—Since the discovery that atoxyl is active 
against syphilis, a large literature*® has arisen on the use of this drug 
in the experimental and naturally acquired form of this disease. The 
results of animal experimentation will be given before the treatment of 
man is taken up. 

Experimental Prophylaxis—The prophylactic action of atoxyl in 
animals is easily shown. Rabbits*® inoculated with syphilitic virus and 

28. Glaubermann (J.): Klinische Beobachtungen tiber die Einwirkung des 
Atoxyls auf den Verlauf des Riickfallfiebers. Berl. klin. Wehnschr., 1907, iii, 
1143. 

29. A review of the literature upon the use of atoxyl in syphilis may be found 
in Paul Salmon’s article entitled: L’Arsenic dans la syphilis. Am. de I’Inst. 
Pasteur, 1908, xxii, 66. 

30. Uhlenhuth (P.), Hoffman (E.) and Weidanz (O.): Ueber die priiventive 
Wirkung des Atoxyl bei experimenteller Affen- und Kaninchen-Syphilis. Deutsch. 
med. Wehnschr., 1907, xxxiii, 1590. 
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then treated regularly with atoxyl showed neither a specific iritis nor 
nodules on the iris, contrary to what occurred in the controls. Monkeys*' 
have also been protected by injections of this medicament. Of eight 
inoculated with syphilitic virus and treated at once with atoxyl, not one 
took the infection. 

Abortive Action.—The power of atoxy! to abort syphilis is not lim- 
ited to cases treated immediately after the infection. In one experiment 
of Metchnikoff’s** two monkeys were inoculated with syphilitic virus, 
and in neither case was treatment instituted until fifteen days later, 
when each received a single injection of atoxy! (33 mg. pro kilo). No 
further treatment was given, yet neither of the monkeys contracted 


syphilis. The control showed the disease on the thirty-fourth day. 


In searching for the interval during which atoxyl might act pre- 
ventively, Metchnikoff,*? in one case, waited until the very beginning of 
the primary lesion before treating the monkey. ‘Ten centigrams of 


atoxyl sufficed to stop at once the development of the lesion. In this 


case, however, the single injection did not abort the disease; the animal 


was not cured and a relapse soon occurred. 


From this, according to Salmon,** it would seem that, before the ap- 


pearance of the primary, atoxyl may be used prophylactically, but when 


this lesion is visible it is too late to abort the disease. According to 


this investigator, at the moment the initial lesion appears the infection 
seems to become definitely chronic and the necessary doses of atoxy! 
must be repeated for a long time to effect a cure. 


Immunity.—No immunity against syphilis is acquired when the 
development of the disease has been prevented by atoxyl. For example, 
* previously protected from infection by atoxyl, were 


two monkeys, 
inoculated a second time with syphilitic virus, seventy-seven and ninety- 


one days, respectively, after the first inoculation. Both contracted char- 


acteristic primary lesions. 
Experimental Cures.—In monkeys lower than the anthropoid ape, 
the initial lesion, attenuated syphilis, may be cured, according to Sal- 


mon,** after a single injection of atoxyl. The lesion already appears 
modified after twenty-four hours, and at times in less than four days 


has almost completely disappeared. 


31. Uhlenhuth (P.) Hoffman (E.) and Roscher (K.): Untersuchungen itiber 
die Wirkung des Atoxyls auf die Syphilis. Deutsch. med, Wehnschr., 1907, 
xxxiii, 873. 

32. Metchnikoff (E.): Sur la prophylaxie de la syphilis. Ann. de I'Inst. Pas- 
teur, 1907, xxi, 753. 

33. Salmon (P.): L’Arsenie dans la syphilis. Ann. de I’Inst. Pasteur, 1908, 
xxii, 66. 
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Relapses in Experimental Syphilis —A single injection of atoxyl. 
however, is not always sufficient to cure even the lower monkeys. The 
primary lesion may disappear under the influence of the drug, but if 
the treatment is not repeated one may subsequently find at the site of 
the old lesion scales, or crusts, or an infiltration of the skin, testifying 
to a recrudescence in the activity of the parasites.” 

Efficiency of Atoxyl—As an indication of the efficiency of an ener- 
getie treatment by atoxvl we may refer to the fact that the inoculation 
of the organs (spleen and bone-marrow) of animals previously treated 
by atoxvl only rarely infects susceptible animals,** while the inoculation 
of the organs of untreated animals nearly always does. 

Prophylaxis in Man.—Metchnikoff** reports the cases of two men 
who feared they had contracted syphilis and who begged to be inocu- 
lated prophylactically with atoxyl. Each of these received two injec- 
tions of 0.5 gm. of atoxvl, and neither contracted the disease. Never- 
theless, as it was impossible to be certain that the men treated had really 
heen inoculated with svphilis, Metehnikoff declined to draw any conclu- 
sions from these cases. 

Curative in Man.—Clinically the action of arsenic is comparable to 
that of mercury (Salmon*). It cures the lesions that mercury cures 
(Salmon®*). It is the third specific (Hallopeau**). Toward it all of 
the svphilides react in the same way (Salmon**). The chancre heals 
rapidly (Salmon*). Exanthemata disappear, papules flatten, annular 
svphilides dry, ulcers heal, and gummata vield to its influence (Las- 
sar’). 

To cure the lesions of syphilis the drug must be properly given. If 
the dose is too small, it is without effect: if too large and given repeat- 
edly, permanent blindness or intense intoxication, or both, may result. 
According to Salmon, the correct dose of atoxy! for man is 0.5 gm. He 
regards this dose as non-toxic, therapeutically necessary and sufficient. 
and states that it constitutes a maximum which it is useless and at times 
dangerous to surpass.** 

This investigator uses weak solutions of the medicament, 10 to 15 
per cent., and sterilizes these at 100 C. for two minutes. As aqueous 
solutions of atoxyl do not keep, it is best to prepare them only a short 
time before using. The injections may be made subcutaneously or intra- 
muscularly, 


34. Neisser (A.):  Atoxyl bei Syphilis und Framboesie. Deutsch. med. 
Wehnsehr., 1907, xxxiii, 1521. 

35. Hallopeau (H.): Sur un danger de la médication par latoxyl et lobliga- 
tion qu'il impose, Bull. Acad. de méd., 1907, lviii, 61. 

36. Lassar (O.): Atoxy! bei Syphilis. Berl. klin. Wehnschr., 1907, xliv, 684. 
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Given in this way, atoxyl usually acts rapidly on the syphilitic lesions 
and seems to be without danger for the patients. In treating 181 patients, 
into whom Salmon** made 1,349 injections of the drug, not one had 
ocular trouble. It is true that larger doses, up to 1 gm. and more, have 
heen given without inconvenience, but the experience of Koch, who has 
tried the drug on a large seale in Africa in the treatment of sleeping 
sickness, teaches that 0.5 gm. is the safe dose. 

Where Atoryl Is Indicated.—The advocates of mercury and potas 
sium iodid may question the need or value of atoxyl in the treatment 
of the average case of syphilis, but even they should admit that for some 
patients and for some lesions atoxyl is clearly indicated. Where pa- 
tients manifest an idiosyncrasy toward mercury or potassium iodid and 
can not take these medicaments, atoxyl should certainly be tried. It 
should also be tested on those lesions and forms of syphilis which heal 
slowly or are refractory to mercury. It is perhaps in the treatment of 
such patients and lesions that the effect of the atoxyl treatment has been 
most brilliant. 

Duration of Treatment.—How long the atoxy] injection will have to 
he continued before the disease can be considered cured can not yet be 
stated. The continued observation of many cases alone will decide this. 
From the well-known chronicity of the disease, however, it is evident 
that we must expect relapses if the treatment is stopped too soon. Even 
when the lesions appear healed and when large doses of atoxyl have been 
given, relapses are apt to occur if the treatment is interrupted. In one 
case a chancre that measured 3 ¢.c. was apparently healed after five 
injections of 0.75 gm. each. The treatment was stopped. and twenty 
days later the chancre opened again (Salmon**). 

Idiosyncrasy.— Although atoxyl has shown its efficiency in many 
cases of syphilis, it can not be used in all. We must recognize that a 
certain proportion of people can not bear this drug well. The pereent- 
age of these among men is about 12, among women it is still higher.** 
The symptoms of intoxication—colic, nausea, vomiting, etc.—appear 
about ten hours after the injection of the drug, sometimes after the first 
injection, but more frequently after the fourth.** These symptoms 
rarely last longer than four hours, are more alarming than serious and 
are allaved by opium (Salmon**). 

Limited Applicability of Atoxryl—Atoxyl! is not applicable in all 
ceases. As we have seen, some patients can not take this drug. It is 
obvious that for these some other treatment must be emploved. In addi- 
tion to these cases, there are a few syphilitic lesions that are influenced 


slowly or not at all by atoxvl. For these we should use either a totally 
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different treatment or else associate some other medicament with atoxyl, 
alternating or giving them simultaneously. 

Alternative Treatment.—The injection of atoxyl may be alternated 
with that of mercury. From the work of Ehrlich on trypanosomes it 
would seem that by thus energetically attacking the organism of syphilis 
from two sides in quick succession the destruction of the parasites may 
be brought about more quickly and the production of strains resistant to 
either of the medicaments may be prevented. In practice Salmon** has 
found that this method is very effective against lesions that have grown 
torpid or refractory when treated by either atoxyl or mercury alone. 

Simultaneous Treatment with Two Medicaments.—The simultaneous 
administration of atoxyl and mercury is the last treatment of syphilis 
we will mention. Salmon** reports having combined with his atoxyl 
injections the most varied mercurial treatments. It is gratifving to note 
that this double treatment with atoxyl and mercury has been given in 
the majority of the cases without inconvenience, but on the real value of 
this method the future alone will enable us to place a proper estimate. 
All that can be said at present is, that by this procedure already, ac- 


cording to Salmon,** remarkable results have been obtained. 
Rockefeller Institute. 


THE AGGLUTINATING POWER OF THE BLOOD SERUM OF 
TUBERCULOUS PATIENTS 
SERUM DIAGNOSIS—SERUM PROGNOSIS * 
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The serum diagnosis of tuberculosis is to-day one of the most gen- 
erally employed and most reliable laboratory methods of diagnosis. 


1.—HISTORICAL 


It is well known that the ordinary cultures of the bacillus of Koch 
can not be used for agglutination. Arloing, however, in 1898,’ obtained 
a fluid homogeneous culture of the tubercle bacillus and demonstrated 
its specific agglutinability by the serum of tuberculous human beings 
or animals, thus rendering possible the serum diagnosis of tuberculosis. 
Arloing and Paul Courmont? later perfected the method, determining 
the best manner of producing homogeneous cultures, applying the serum 
diagnosis to hundreds of patients and studying in these and on animals 
which had been rendered tuberculous the agglutinating power of the 
blood. Paul Courmont has further studied* local serum diagnosis 
(diagnosis of the nature of pathological serous fluids by their agglutinat- 
ing power), and the serum prognosis of pleurisies. To-day the Lyonese 

*Presented at the Second International Congress on Tuberculosis, Washington, 
D. C., 1908. 

1. Arloing (S.): Sur Vobtention des cultures homogénes du bacille de la 
tuberculose, Compt. rend. Acad. d. se., Paris, May 19, 1908:Agglutination des 
bacilles de Koch par le sérum sanguin des tuberculeux, Cong. franc. de méd., 
Montpellier, April 13, 1898; Acad. d. se., May 16, 1898. 

2. Arloing (S.) and Courmont (Paul): De lobtention des cultures homo 
genes les plus propices A l'étude du phénoméne de l’agglutination par le sérum 
sanguin des tuberculeux, Compt. rend. Acad. d. se., Paris, Aug. 8, 1898; 
techerche et valeur clinique de l’agglutination du bacille de Koch. Compt. rend 
de VAead, d. se., Paris, Sept. 19, 1898; Cong. de la tubere., Paris, 1898; Sero- 
diagnostic de la tuberculose, Cong. de la tubere., Berlin, 1899; Ztschr. f. Tuberk. 
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3. Courmont, Paul: Séro-diagnostic des é¢panchements tuberculeux, Cong. de 
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bacille de Koch par les épanchements tuberculeux; Arch. de méd., expér., No- 
vember, 1900. 
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method is employed in all parts of the world and numerous observations 
have been made on this question.* 

Among the students who have confirmed this work may be men- 
tioned: In France: Widal and Ravaut, Dieulafoy, Schrapf, Sabareanu 
and Salomon, pupils of Professor Landouzy, in Paris; Ferre, Mongour 
and Buard, in Bordeaux; Carriére, in Lille; Hawthorn, in Marseilles; 
Lagriffoul, in Montpellier; Bard and Humbert, in Geneva, Switzerland ; 
Bendix, Rumpf and Guinard, Romberg, in Germany; Kazarinow, Sha- 
karin, in Russia; Marzagalli, Caffareno, Marchetti and Stefanelli, Ma- 
rini, in Italy; Thomescu and Gacesky, in Roumania, ete. 


4. Arloing, S., Bayle and Dumarest: Etude sur les rapports entre la séro- 
agglutination et l’évolution de la tuberculose chez homme, Cong. de la tuberc., 
Paris, 1905. 

Arloing, S., and Courmont, Paul: Variations de l’'agglutinabilité des bacilles 
de la tuberculose: deux mémoires, Rev. de la tuberc., 1904. 

Bronstein: Soc. de pédiat. de Moscou, Vrach, 1901. 

Courmont, Paul: Valeur sémiologique de la réaction agglutinante chez les 
tuberculeux, Cong. de Lyons de ]’Assn., france. pour l'avancement d. se., 1906; Tu- 
berculose latente et séro-diagnostic, Bull. Soc. med. d. hop. de Lyons, 1904. 

Dieulafoy. Semaine méd., 1903; Clin. méd. de lHotel-Dieu de Paris. 

Froment: Séro-diagnostic de la tuberculose chez le vieillard, Compt. rend. 
Soc. de biol., 1903. 

Hawthorn: Séro-reaction tuberculeuse. Compt. rend. Soe. de biol., June 6, 
1902; Jour. de physiol. et path. gén., 1903, No. 1. 

Humbert: Diagnostic de la granulie par la séro-réaction. Rev. de la tuberc., 
1904, No. 4. 

Il Vento: Sull’ agglutinabilitd del bacille tuberculare e sua importanza 
diagnostica, Riforma med., 1902, 266. 

Kazarinov: Contribution a l'étude de séro-diagnostic tuberculeux, Nevrolo- 
gentcheski, 1901, 849. 

Lagriffoul and Verges: Compt. rend. Soc. de biol., 1903. 

Landis: Studies in agglutination in tuberculosis, Jour. Med. Research, 1908. 

Marchetti and Steffanelli: Sulla séro-reazione tuberculose. Riv. crit. di med. 
elin., 1903. 

Marzagalli and Caffareno: Sur l'agglutination du bacille tuberculeux. XII 
Cong. Soc. ital. de méd. int., Rome, October, 1902. 
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Genoa, 1905, 920. 

Ravenel and Landis: Agglutination studies in tuberculosis, Med. News, 1907. 

Rodet and Lagriffoul: La séro-réaction tuberculeuse. Jour. de physiol. et 
path. gén., 1902. 

Rumpf and Guinard: Recherches sur la séro-reaction tuberculeuse, Presse 
méd., 1902, No. 24; Deutsch. med. Wehneschr., 1902, No. 8. 
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méd. mil., February, 1902. 
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If, on the contrary, some authors have contested the importance and 
value of serodiagnosis, their attitude, | and my associates believe, arises 
from their not having avoided the following causes of error. 

2—CAUSES OF ERROR 
1. TECHNIC 

First. one must possess a good agglutinable bacillus. We have shown 
that agglutinability is a property not common to all bacilli of Koch. 
Our bacillus A (human tuberculosis, Arloing) fulfils the conditions of 
facility of culture and agglutinability. This organism we have sent to 
all who have sought cultures, and most of the results obtained in dif- 
ferent parts of the world depend on investigations made with this bacil- 
lus. The liquid homogeneous culture must be developed and employed 
under the conditions which we have explained at length elsewhere. The 
cultures, which should be four to eight weeks old, must be diluted with a 
0.7 per cent. salt solution and tested with the standard serum, and mixed 
with the serum to be tested in suitable proportion; it is necessary to take 
into account only those reactions visible to the naked eve. These steps are 
easy to follow in a well-appointed laboratory; we can, moreover, furnish 
tubes of homogeneous cultures ready to be employed, just as one provides 
tuberculin, dry or liquid, for tuberculin reactions. 

But it is evident that technical modifications in the preparation of 
the cultures, in their age, their dilution, ete., modify their agglutin- 


ability so that it becomes impossible to compare the results obtained 


with these cultures with those obtained by ourselves and by those who 


have strictly followed our instructions. 


Il. APPRECIATION AND VALUE OF THLE DEGREE OF AGGLUTINATION 


It is advised that in the case of an adult the serum and the culture 
be mixed in three smal] test-tubes in the following proportions: (1) one 
part of serum to five of culture; (2) one to ten; (3) one to fifteen. 
Under these conditions the serum of a man free from all evident or latent 
tuberculosis should not agglutinate ordinarily at 1 to 5, whereas the 
serum of the tuberculous will agglutinate in dilutions varving between 
1 to 5 and 1 to 15 or 20, and rarely in higher dilutions, 

If, however, one change the conditions the results are materially 
different. For instance, if one should employ cultures which were not 
agglutinable, the results would be wholly negative. If, on the contrary, 
one employs cultures which are too agglutinable, one obtains, with a 
given serum, much higher degrees of agglutination than are obtainabl- 
with cultures prepared strictly according to the above directions, and 
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such results can no longer be compared with ours. This, for example, 
is what happened in the observations of Kinghorn, who obtained ag- 
glutinations at much higher dilutions than we did. It is well known 
that every normal! serum possesses a certain normal agglutinating power ; 
the specificity of the agglutinating reactions is, therefore, relative, quan- 
titative and not qualitative. It is only within certain limits that the 
agglutinating reaction with a given bacillus has a specific and diagnostic 
importance, and these limits vary according to the different animal 
species. For instance, the serum of a healthy dog agglutinates our 
homogeneous culture at a dilution of 1 to 30; the serum of an adult 
non-tuberculous cow agglutinates it ordinarily at 1 to 5. Moreover, 
the agglutinability of the serum of a given animal species varies in 
degree according to age. Arloing has shown that the serum of the calf 
does not agglutinate at 1 to 5, whereas the serum of a healthy cow does 
agglutinate at this dilution. Consequently, for a given animal species, 
the agglutination of a bacillus is specific only when it is above the 
ordinary degree of agglutination of the normal serum of this species for 
this bacillus. Moreover, the age must likewise be taken into considera- 
tion. To summarize: A serum agglutination has diagnostic value for a 
given subject only when it surpasses the agglutinating power of the 
serum of normal subjects of the same species and the same age. 

For human beings it is not easy to fix this limit. It is always diffi- 
cult to prove that the subject is healthy and has not a latent tuberculous 
lesion. Nevertheless. for an adult subject, under the exact conditions of 
our technic, the limit of pathological agglutination seems to begin at a 
dilution of 1 to 5. We shal! see, further on, that this limit is lower in 
children. But it is evident that if one employs cultures which are much 
more agglutinable than ours, this limit will be raised above 1 to 5, be- 
cause under these conditions the normal agglutinating power of the 
serum of healthy subjects would surpass this limit. One must, then, 
consider as specific only such serum reactions as are much more intense. 
It is certainly through their not having taken these considerations into 
account that some authors, and especially Kinghorn, have considered 
as specific certain serum reactions due to the normal agglutinating 


power and have found as many positive reactions in healthy people as in 
those who are tuberculous. Kinghorn finds, in fact, many reactions at 
dilutions of 1 to 75 and 1 to 100, degrees of agglutinability which have 
hardly ever obtained in a tuberculous man. His cultures, therefore, 
must be regarded as much more agglutinable than ours, so that the nor- 
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mal human serum, which for us agglutinates only at dilutions below 1 to 
5, agglutinates for Kinghorn much more readily. such agglutinations 


being considered by him as specific reactions. 


CLINICAL INTERPRETATION 


One must take care not to regard the serum reaction as an infallible 
sign, promising a diagnosis with mathematical precision. Like every 
pathological sign, like the ocular reaction or like that following the in- 
jection of tuberculin, this reaction must be interpreted and discussed in 
comparison with the other symptoms furnished by the study of the case. 
The serum diagnosis is valuable only in cases in which a clinical 
examination has already been made, “in the case of a suspected sub-. 
ject,” as we have already insisted with Arloing as long ago as 1898. 
Applied to healthy subjects not suspected of tuberculosis it has of itself 
but slight value. 

One must remember also that general serum diagnosis (with blood 
serum) does not point out the localization of the lesions, but only the 
existence of tuberculosis; it is for the clinician to apply to a local lesion 
the results of his serum diagnosis. We repeat that all these directions 
apply not only to serum diagnosis, but to all methods based on the 
employment of tuberculin (subcutaneous injection, ocular reaction) 
which are, moreover, open to many other objections. 


3.—PROOF OF THE VALUE OF SERUM DIAGNOSIS 


The best proofs of the value of this method are the good practical 
results which serum diagnosis has given to a great number of authors, 
but there are two kinds of proofs which are especially conclusive. 

1. Bovine Statistics—In cows statistics may be obtained in which 
the serum reaction is controlled by autopsy. Under these conditions 
Arloing has determined that serum diagnosis is always negative when a 
cow is non-tuberculous and positive in 98 per cent. of cases in which 
there are tuberculous lesions.* 

2. Statistics with Pleurisy in Man.—In pleurisies in the human being 
one can obtain evidence as to the tuberculous or non-tuberculous nature 
of the malady by the consideration of clinical observations, together with 
inoculations and cytology. In such conditions, in statistics of 112 cases, 
we have never had a positive reaction with the pleural fluid when, by all 
other criteria, the pleurisy was non-tuberculous; on the contrary, we have 
had 76 per cent. of positive reactions in cases in which the pleurisy was 


5. Arloing (S.): Séro-diagnostic de la tuberculose chez les bovides. Jour. de 
méd, vét. de Lyon, September, 1900. 
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regarded as tuberculous.’ If the results of agglutination with the blood 
serum of human beings (tuberculous or not) are apparently less easy to 
interpret, this depends on the variations of the agglutinating power 
according to the nature, the gravity, the stage of healing or curability 
of the lesions, as well as according to the age of the subject. These con- 
siderations may be summarized as follows: 
}.—THE AGGLUTINATIVE REACTION IN PRACTICE, SERUM DIAGNOSIS 
According to our own personal statistics (Arloing and Courmont), 
covering more than 1,200 cases, we have obtained positive serum reac- 
tions: I, in tuberculous patients (90 per cent.); II, in hospital cases, 
apparently non-tuberculous (40 per cent.): III, in apparently healthy 
subjects (30 per cent.). 


I. TUBERCULOUS PATIENTS 


The agglutination here varies in frequency and in intensity, accord- 
ing to the following conditions: 

The Localization of the Lesions.—The serum of patients with local- 
ized tuberculosis (so-called “surgical’® cases) is often less agglutinating 
(75 per cent. in cases of tuberculosis of bone, of skin, of lupus’). The 
serum of patients with tuberculosis of viscera, lung, pleura and other 
serous membranes, as well as intestine, agglutinates in a higher degree. 

2. The Gravity of the Lesions.—The most serious cases of tuberculo- 
sis, those with widespread lesions, rapid consumption (consumptive sub 
jects attacked by tuberculous pneumonia, meningitis, acute miliary tu- 
berculosis), nearly all give negative serum reactions. On the other 
hand, the serum of curable patients, such as those with fibroid tubercu- 
losis, gives the largest proportion of positive reactions (pleurisy a fri- 
gore, fibroid pulmonary tuberculosis, chronic bronchitis or emphysema 
with slight tuberculous lesions, curable adenitis, etc.). Similar condi- 
tions are observed with animals which have been rendered tuberculous 
experimentally. Two conclusions may be drawn from these observa- 
tions: From the point of view of diagnosis, the method will not give such 
good results in the grave and rapid forms of the disease, but it will 
reveal latent cases which advance slowly and in which cures are possible ; 
that is, those cases in which the diagnosis is both most difficult and most 
useful. As to serum prognosis, I shall speak later. 


6. Courmont, (Paul): Le séro-diagnostic des tuberculoses dites chirurgicales, 
Thése de Clément, Lyons, 1900. 

7. Courmont, (Paul), and Nicolas: Séro-diagnostic tuberculeux chez les 
lupiques, Soc. méd. d. hép. de Lyon, 1907. 
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3. Healed Lesions.—The serum of tuberculous patients who are con- 
valescent agglutinates very well. One must realize that the agglutinat- 
ing power of the blood persists long after the anatomical cure of the 
lesions, and thus it comes to pass that serum agglutination may allow 
a retrospective diagnosis in cases of cured tuberculosis (for instance, 
in a past adenitis or pleurisy). 

On the other hand, one must always remember the possibility of 
such a condition when one attempts to interpret the serum reaction in a 
subject who has clinically no sign of tuberculosis. The reaction here 
might be due to a persistent power of agglutination remaining in the 
blood after the cure of an old tuberculosis which has healed without 
leaving any trace. This difficulty, moreover, is not inherent in serum 
diagnosis alone; we have seen positive ocular reactions in old subjects, 
whereas the autopsy and inoculation of the organs showed no trace of 
tuberculosis in evolution or the presence of any bacilli of Koch. This 
merely shows that laboratory procedures of diagnosis must be considered 
in each particular case in their relation to the clinical observation. 

4. Age.—The serum of the newly born does not agglutinate (Rom- 
berg. Descos*); that of tuberculous children agglutinates, but less than 
that of adults. The degree of agglutinating power rises with the age 
of the children. It appears, therefore, that the serum reaction has a 
positive significance in children at a lower degree of agglutination than 
in adults; this is very important, because of its practical application.* 
It is in adults that the serum reaction presents the maximum of fre- 
quency and intensity. 

In the aged® one finds many weak serum reactions caused by old tu- 
berculous lesions, more or less healed, but strong serum reactions are 


important in revealing old tuberculosis not yet completely extinct. It is 


very important to appreciate these variations according to age, for prac- 
tical application; that is, for the theoretical question of latent tubercu- 
losis. The same degree of agglutination has not the same importance 
at different ages. On the other hand, the results of serum diagnosis at 
different ages agree absolutely with those of the necropsy statistics of 
Naegeli in Germany. 


II. REACTIONS IN HOSPITAL CASES APPARENTLY NOT TUBERCULOUS 


Here the serum reaction is positive in from 35 to 40 per cent. of the 
cases; this is not astonishing when one considers the great frequency of 


8. Descos: La séro-diagnostic de la tuberculose chez les enfants, Thése, Lyon, 
1902; Jour. de physiol. et path. gén., 1903, No. 1. 

9. Descos: Le séro-diagnostic de la tuberculose chez le viellard. Bull. Soc. 
méd, d. hop. de Lyons, March 22, 1904. 
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more or less latent tuberculosis in hospital patients. With tuberculin 
one arrives at analogous results. Beck, in Berlin, observed 46 per cent. 
of positive tuberculin reactions in 2,000 patients who were apparently 
non-tuberculous. 

Acute infections do not, as a rule, confer on the serum an agglutin- 
ating power for the bacillus of Koch. One must, however, classify 
typhoid fever separately, for 75 per cent. of typhoid patients agglutinate 
tubercle bacilli just as if they were tuberculous, whereas autopsy may 
show no tuberculous lesions. But from a theoretical point of view my 
experiments, with Arloing, in men and animals, show that there is no 
relation between the agglutinating power of serum on typhoid bacilli 
and tubercle bacilli. It is not apparently the same agglutinin which acts 
on the two bacilli, but two distinct agglutinins. The cause of this 
double agglutinating power of the typhoid serum is still obscure. It is, 
perhaps, due to an accidental invasion of Koch’s bacilli through the 
intestinal ulcerations, or to a sort of displacement of tubercle bacilli 
retained in the organism. At all events, it destroys the value of the 
application of the tuberculosis serum reaction for the distinction between 
typhoid fever and tuberculosis. 

Serum diagnosis of tuberculosis is less valuable in the acute forms 
than in the torpid and chronic forms of the disease. The same incon- 
venience exists with the tuberculin reaction, which can not be applied 
to febrile cases, and with the ocular reaction, which is positive in most 
cases of typhoid fever without the coexistence of tuberculosis.'® 


REACTION IN APPARENTLY HEALTHY SUBJECTS 
The serum reaction is positive in about 30 per cent. of apparently 
healthy individuals. It also reveals latent tuberculosis, no matter how 
slight this may be, but, as many cases of latent and slight tuberculosis 
are compatible with very good health, the serum reaction in such in- 
stances has only the value of a réaction d’attente (expectant reaction), 
and without other symptoms the serum reaction has no practical impor- 
tance—for instance, in soldiers. We may observe, furthermore, that the 
results of tests with tuberculin, in healthy subjects, confirm those of the 
serum diagnosis (see the statistics of Beck). 
5.—COMPARISON OF SERUM DIAGNOSIS AND TUBERCULIN REACTIONS. 
ADVANTAGES OF THE SERUM REACTION 
If one compares the results given by serum diagnosis and tuberculin 
reactions (subcutaneous injection or ocular reaction), one sees that these 
methods give similar results: thé serum diagnosis, however, has many 


10. Arloing (F.): Ophthalmo-réaction, Jour. de physiol. et path. gén., 1908. 
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advantages. With all three methods the results are positive in most 
cases of active tuberculosis; the cases in which no reactions are obtained 
are often the gravest instances; for example, advanced consumption. 
With all three methods the results are positive in a fairly large number 
of cases in which neither the clinical examination nor even, sometimes, 


the autopsy reveals tuberculosis. The accordance of the results suggests 


that here there is latent tuberculosis, with very slight lesions, such as 
are often compatible with good health, lesions which are only revealed 
by this very delicate laboratory method. It is very remarkable that 
injections of tuberculin and serum diagnosis give about the same per- 
centage of positive reactions in patients who are evidently non-tubercu- 
lous (40 per cent. with the serum diagnosis and 16 per cent. with the tu- 
berculin, according to Beck). It is also curious to see that the ocular 
reaction is positive in typhoid cases, just as is the serum reaction. At 
all events, the few objections which one can make to the serum diagnosis 
(causes of error in feverish cases and in typhoid fever, the great sensi- 
tiveness of the method which reveals the slightest tuberculous infections, 
even those compatible with health) are equally applicable to the injec- 
tion of tuberculin and the ocular reaction, as we have explained above. 

The special advantages of serum diagnosis are the following: 

1. Absolute Harmlessness.—The taking of a little blood can not give 
rise to the sometimes serious accidents or inconveniences ascribed, and 
with reason, to the ocular and other tuberculin reactions. 

2. Facility of Application—A few drops of blood suffice, while it is 
unnecessary to keep the patients under observation for several days, as 
in the two other methods. 

3. Importance of the Variations of the Agglutinating Power.—Be- 
cause of the harmlessness and facility of application of the method, one 
may repeat the reaction as often as he will, and the variations of the 
agglutinating power are of great importance, not only for diagnosis, but 
also for prognosis (see further). 

4. The Possibility of Local Serum Diagnosis.—This facility does not 
exist with other methods. 


6.—LOCAL SERUM DIAGNOSIS 
The serum reaction is ordinarily made with blood serum, in which 
case it only affords a general serum diagnosis, simply revealing the gen- 
eral specific impregnation of the blood with the products of a given in- 
fection, no matter what the lesions may be. But, in our work at Lyons, 
we established, as long ago as 1898, the possibility and usefulness of 
local serum diagnosis.* This is made with local serous effusions, for 
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instance, in pleurisies. We have pointed out that when a serous mem- 
brane is infected by tuberculosis a loca! reaction is produced and agglu- 
tinins are formed locally, independently of what happens in the blood. 
The search for a serum reaction with pleural fluid furnishes the proof 
of the existence of local tuberculosis. Our various observations on the 
subject (more than 200 cases of effusion, of which 115 were tuberculous 
pleurisies) have been confirmed by Mongour and Buard, Widal and 
Ravaut, Dieulafoy, Landouzy, Sabareanu and Salomon, Hawthorn .in 
France, Bendix in Germany, Kazarinow in Russia, Marini, Marchetti and 
Stefanelli in Italy,* and other authors whose statistics are similar to ours. 
The most conclusive results are given by pleural fluids. The fluid of tuber- 
culous pleurisies agglutinates (at least at 1 to 5) in 76 per cent. of the 
cases in adults (statistics of 115 cases). Tuberculous pleurisies which give 
negative results are always of grave character. Non-tuberculous fluids 
will not agglutinate even at a dilution of 1 to 5 (with the exception of 
two or three doubtful cases). The agglutinating power of tuberculous 
fluids is ordinarily less elevated than that of the blood serum, but it may 
sometimes be more elevated and it may exist only in the pleuritic fluid 
and not in the blood. It would, therefore, seem that the pleural mem- 
brane can produce (in loco) agglutinative substances. 

In practice: (1) Positive serum reaction at dilutions of 1 to 5 and 
above is a sign of great value as indicating the tuberculous nature of a 
pleurisy. The careful comparison of the serum diagnosis with the cy- 
tology and the results of inoculation of fluid in guinea-pigs proves the 
absolute accordance of the three methods. The serum diagnosis has the 
advantage of greater facility and rapidity; one does not have to keep the 
patient under observation; a few drops of liquid suffice, and this small 
quantity of fluid can be transported easily to the laboratory for exami- 
nation. 

2. A negative reaction constitutes only a presumption against the 
diagnosis of tuberculosis. One must, in this case, repeat the experi- 
ment. 

3. A comparison of the agglutinating power of the blood with that 
of the pleural fluid would give interesting results. One can draw the 
same conclusions from tests made with other pathological fluids (espe- 
cially ascites and hydrarthroses), except in cases of meningitis, in which 
the cerebrospinal fluid is never agglutinative. 


7.—SERUM PROGNOSIS 
The general idea of the serum prognosis in disease and the signifi- 
cance of the agglutinating reaction in the evolution of infectious dis- 
eases was suggested by me for the first time in 1896-7, apropos of ty- 
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phoid fever."' I have shown that the degree of the agglutinating power 
of the blood is more intense when the infection is less grave and the 
resistance of the subject is greater. This is probably applicable to all! 
infectious diseases running a typical course (self-limited diseases). 
For tuberculosis the question is more complicated on account of the 
variability of the form and the duration of the illness. But it would be 
as important as it is difficult to establish a means of prognosis through 
the varying agglutinating power in tuberculous patients. Subsequently 
(Congress of Tuberculosis in Berlin, 1902), with Arloing, I have been 
able to assert that “the agglutinating power seems to be inverse to the 
gravity of the tuberculous infection,” and in 1900 we arrived at the same 
conclusions in regard to animals which had been made tuberculous exper 
imentally."* The principal arguments on which serum prognosis in tu- 
berculosis is based are the following: 

1. General Statistics—The tuberculous in whom the serum is not 
agglutinating (10 to 15 per cent.) are nearly all very seriously ill; sub 
jects who have advanced consumption, miliary tuberculosis, caseous 
pneumonia or meningitis have, nearly all, a negative serum reaction, 

2. Experiments in Animals Made Tuberculous Exrperimentally.- 
The agglutinating power is higher when the tuberculosis is less virulent 
and the animal very resistant, and conversely.'* 

3. Variations of Intensity of the Aqglutinating Power of Tuberculo- 
sis.—These variations appear to be dependent on the prognosis of the 
disease. Very elevated reactions are found especially in subjects in 
whom the tuberculosis is slight or in the course of healing (local tu- 
berculosis of the viscera, fibroid tuberculosis of the lungs, primary 
pleural tuberculosis of Landouzy, etc.). Conversely, weak agglutina- 
tions are found especially in patients very seriously ill. 

4. Variations of the Agglutinating Power in the Same Subject.— 
If one follows for a considerable period a single tuberculous subject, one 
sees frequently an elevation of the agglutinating power of his serum if 
the patient be convalescent, and, on the contrary, a reduction if the dis- 
ease is progressive, while at times the reaction may even disappear com- 


pletely. As examples the two following cases may be cited: 


11. Courmont (Paul): Signification de la réaction agglutinante chez les 
typhiques, Thése de Lyons, 1897, Compt. rend. Soc. de biol., 1897-1898. 

12. Arloing (S.) and Courmont (Paul): Des causes qui modifient le pouvoir 
agglutinant des sujets expérimentalement tuberculeux, Jour. de physiol. et path. 
gén., January, 1900, No. 1. 
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CasE 1.—Tuberculous Pleurisy with Favorable Serum Prognosis.—Giuseppe, 
——, aged 18; has benign sero-fibrinous pleurisy without complications, and 
will recover completely. 


AGGLUTINATING POWER OF PLEURITIC FLUID 


Case 2.—Tuberculosis with Unfavorable Serum Prognosis—M., —— aged 


28; pregnant; double pleurisy with fever; secondary galloping consumption; 
death in 96 days. 
AGGLUTINATING POWER 


OF BLOOD OF PLEURITIC FLUID 


In the first case the agglutinating power, as may be observed, in- 
creased until recovery; in the second it fell and eventually disappeared, 
remaining absent until death. 

5. Mortality from Pleurisy According to the Agglutinating Power 
of the Pleural Fluids.—We have studied more than 120 cases of tuber- 
culous pleurisy and followed the patient during eight years. If one 
compares the mortality of patients in whom the pleural fluids showed 
an agglutinating power with that of patients whose fluid was not ag- 
glutinating one arrives at the following results: 75 per cent. of recov- 
eries in cases with positive reaction, 73 per cent. of deaths in cases with 
negative reaction. 

I published these statistics three years ago'* at the Congress of Tu- 
berculosis in Paris, 1905, and in The Journal of the American Medical 
Association. Ravenel arrived at analogous conclusions. Eight years ago 
Bendix,’* in Germany, wrote also in favor of serum prognosis. 

These facts offer further support to that which I have asserted with 
regard to typhoid fever, namely, that the agglutinating power is an 
index of the protective reaction of the system. 

CONCLUSIONS 

I. The agglutinating power of the humoral fluids in tuberculous 
patients must be considered as a very important symptom of tuberculous 
infection. It should be studied in all its variations, according to the age 


13. Courmont (Paul): Séro-prognostic des pleurésies, tuberculeuses, Jour. Am. 
Med. Assn., 1908. 

14. Bendix: Ueber Séro-Diagnose der Tuberculose, Deutsch. med. Wehnsch., 
1900. 
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of the patients, to the localization, form and extent of the lesions, and 
also in relation to other symptoms of infection or protective reactions. 

If. In order that the results of such studies may be of value, the 
serum reaction must be sought for under definite conditions of technic 
as regards the choice of the culture, the method of its preparation and 
the technicalities of the reaction. 

III. Recognizing the fact that the agglutinating power of the normal 
serum varies according to age and also with the animal species investi- 
gated, the serum reaction is of diagnostic value only when the agglu- 
tinating power of the serum is higher than that ordinarily observed in 
normal individuals of the same age and belonging to the same species. 

IV. In serum diagnosis, for practical purposes, the serum reaction 
must be applied and interpreted with great clinical discrimination; its 
results must be compared with other symptoms and not interpreted 
blindly. It would be unwise to regard a patient as clinically tuberculous 
for the sole reason that his serum agglutinates Koch’s bacilli. The re- 
action can have little or no diagnostic value unless there are other rea- 
sons justifying the suspicion of tuberculosis. 

In such cases, however, a positive serum reaction is of great value. 
A negative reaction is of less value, as is generally the case with negative 
signs. 

Diagnostically, the serum reaction may be considered from two dif- 
ferent points of view: 

1. The general reaction (with blocd serum) does not give informa- 
tion as regards the location of the lesions; it indicates only that the svs- 
tem has been or is actually under the influence of tuberculosis. It will 
be the clinician’s task to interpret this information and to derive from 
it conclusions concerning the location of lesions. The serum diagnosis 
will be of speciai use in children, in old people and also in adults suf- 
fering from chronic, torpid or latent forms of tuberculosis. Figures 
pointing to the frequency of latent tuberculosis in adults who clinically 
do not appear tuberculous are almost the same in the case of the serum 
reaction as with the tuberculin test (either subeutaneously or in the 
eye). 

2. The local serum reaction depends on the agglutinating power of 
serous effusions and indicates the location of the lesions. It is particu- 
larly useful for the diagnosis of tuberculous pleurisy, and its results are 
in accordance with those that are given by inoculation or cytodiagnosis. 

V. As regards the nature and prognostic value of the serum reaction 
in tuberculous patients (serum diagnosis), as is the case in many other 
diseases, the agglutinating power of blood serum and other organic 
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fluids in tuberculosis, is proportionate to the power of resistance of the 
patients; furthermore, it is in inverse ratio to the virulence of the in- 
fection. The serum reaction is especially likely to be absent in very 
serious or very advanced cases of tuberculosis. It reaches its maximum 
height in cases which are in the process of healing. It may diminish 
or disappear sometimes before death; it can, on the contrary, increase 
when there is an improvement pointing toward healing or arrest of the 
disease. The character of the result of the test seems to be an index of 
the protective reaction of the system. 

Practically, a study of the serum reaction and its relations may be of 
some prognostic value. In tuberculous pleural effusions, for instance, 
an increasing agglutinating power is of good prognostic import, while 
the failure of a reaction should prepare one for a fatal evolution sooner 


or later. 


STUDIES IN INACCESSIBLE INTERNAL HEMORRHAGES* 
I. THE EFFECT OF ADRENALIN ON INTESTINAL 
HEMORRHAGE 


CARL J. WIGGERS, M.D. 
DETROIT 


I. INTRODUCTION 
From a therapeutic point of view hemorrhages may be classified as 


accessible, i. e., those that can be directly influenced by drugs and inac- 
cessible, i. e., those that can be influenced by drugs only through the cir- 
culation. In the former class come hemorrhages from the mouth, nose, 
throat, eve, wounds, etc., and such internal hemorrhages as can be 
reached by topical applications, viz., those from the uterus, urethra, 
bladder, stomach, rectum, etc. In the latter class may be listed intes- 
tinal, pulmonary, renal, uterine and cerebral! hemorrhages. 

The value of adrenalin in accessible hemorrhages is well recognized, 
but so far its use in inaccessible hemorrhages has been condemned rather 
than commended by our best therapeutists. The chief reason for this is 
the fact that adrenalin, when introduced into the vascular system, not 
only causes an active constriction at the point of bleeding, but also raises 
the blood pressure by a general constriction which tends passively to coun- 
teract the local influence and so augment bleeding. For this reason drugs 
that cause a fall of blood pressure have been recommended on the suppo- 
sition that the pressure change would more than balance the local dilata- 
tion and so favor coagulation. 

Unfortunately such a plan of treatment can not always be safely in- 
stituted. If the hemorrhage has already been profuse and the blood pres- 
sure is consequently low, or, if the hemorrhage is accompanied, as in sur- 
gical cases, by varving degrees of shock, it would be unwise therapeutics 
to lower the blood pressure still further; for it is as vital that the medul- 
lary centers should be sufficiently supplied with blood as it is important 
that the hemorrhage should be checked. In such cases it is necessary that 
the greatest portion of the remaining red blood corpuscles should be di- 
verted from the channels where they are less needed, to the brain, where 
their presence is urgently demanded. The injection of saline solution ac- 
complishes this only imperfectly, for the augmentation in pressure ocea- 


*The first of a series of contributions from the Research Laboratory of Parke, 
Davis & Co. 
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sioned by the increased volume is counteracted by the dilution of hemo- 


globin and the tendency to increased bleeding. 

In precisely such vascular disturbances, when unaccompanied by hem- 
orrhage, as in shock, it has been found that adrenalin accomplishes this 
better than any other drug. It is only the empirical assumption that it 
always causes an unfavorable increase in hemorrhage that prevents the 


use of what otherwise would be the drug of choice in hemorrhages accom- 
panied by vascular failure. 

Recent researches, however, have demonstrated reactions of blood ves- 
sels to adrenalin which caused prominent men to abandon this view and 


even advocate its use in such cases’: *. 
Il. REACTIONS SUGGESTING THE USE OF ADRENALIN 


1. It has become a well substantiated fact that the reaction of normal 
blood vessels to adrenalin is of very brief duration. It is found, however, 
that the same dose which produces such a fleeting rise of pressure in a 
living animal causes a prolonged reaction when tested on a perfused organ 
from the same animal. The investigations of Meltzer showed that a pro- 
longed reaction was also obtained in the body if the nerve supply to the 
vessels was cut. He' assumed that adrenalin affected blood vessels not 
only by a peripheral constriction, but that this tended to be neutralized 
and shortened by a central dilator action. When this central influence 
was interfered with in any way the peripheral constriction persisted for 
a longer time. 

A pplication.— Assuming with Meltzer that the pathological process 
which caused the hemorrhage has also interfered with the nerve supply 
of the portion adjacent, it may be expected that the contraction at the 
point of injury will outlast the general rise of pressure and so tend to 
favor cessation of the bleeding. 

2. It has been well demonstrated by perfusion experiments that the 
vessels of all regions of the body do not react equally to adrenalin. In 
some regions, as the intestines and kidney, its local action is great enough 
to counteract a considerable rise in pressure, but in other regions, as the 
brain, any local action is immediately overpowered by a small rise in pres- 
sure*, 

Application—It appears not unlikely that whole sets of vessels in 
regions susceptible to adrenalin may divert, by their contraction, the flow 
of blood to other regions less affected. Thus, in spite of a slight pressure 
rise, the flow of blood from ruptured vessels may lessen. 


1. Meltzer (S. J. and C.): Am. Jour. Physiol., 1903, ix, 260. 
2. Schaefer: Brit. Med. Jour., 1908, ii, 1350. 
3. Wiggers: Am. Jour. Physiol., 1905, xiv, 452; 1907, xx, 106. 
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3. The effect of adrenalin on blood pressure is determined by the 
strength of solution, as well as by the rate and method of introduction 
into the body. It is possible, for example, to introduce adrenalin intra- 
venously in such weak solutions that the pressure rises only very slightly, 
or it may be introduced continuously so that this slight rise remains per- 
manent*. Meltzer reported that given subcutaneously it caused either a 
slight rise or slight fall in pressure,’ while given intramuscularly the rise 
of pressure occasioned was more prolonged though not so high as when 
given intravenously, and the fall was more gradual. 

Application.—It is evident that the classical great and sudden rise 
of pressure of short duration which is immediately suggested by the use 
of adrenalin need not occur. In fact, the use of such doses is experi- 
mental, not therapeutical. 

4. Adrenalin is reputed to increase the coagulability of the blood®. 
The application of this observation in facilitating clot formation need not 
be explained. 


III. PREVIOUS WORK ON INTESTINAL HEMORRHAGE 


The value of adrenalin in inaccessible intestinal hemorrhages has not 
been the subject of many direct experiments. Lisin’ recently investigated 


the subject experimentally. This worker rendered the blood of dogs non- 
coagulable by the injection of peptone, then created intestinal hem- 
orrhages and estimated the degree of hemorrhages from time to time by 
determining the quantity of hemoglobin lost in definite time intervals. 
As a result of these studies he reported that intravenous injections of 
rather large doses of adrenalin caused a rapid and often instantaneous 
hemostasis, one that coincided with the rise in pressure and remained 
permanent after its fall. 

Aside from the facts that the accuracy of the method of estimating 
the degree of hemorrhage is questionable,* and that the use of peptone 
causes severe circulatory disturbances, his research is open to a very prac- 
tical criticism. He concludes: “Adrenalin does not really prove a hem- 
ostatic unless the vasoconstriction is accompanied by considerable slowing 
of the heart.” Now it is well known that doses of adrenalin large enough 
to slow the heart act also to cause a cessation of respiration during the 
interval of action. Such doses when administered to patients have given 

. Kretchner: Arch. f. exper. Path. u. Pharmakol., 1907, lvii, 423. 

- Meltzer and Auer: Jour. Exper. Med., 1905, vii, 59; Am. Med., 1905, ix, 75. 

3. Vosburgh and Richards: Am. Jour, Physiol., 1903, ix, 39. 

. Lisin: Arch, internat. de pharmacod. et de thérap., 1907, xvii, 465. 

. Wiggers: Am. Jour. Physiol., 1908, xxiii, 23. 
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rise to alarming symptoms, and in several instances to pulmonary edema. 

It is clear that these doses can never become practical in therapeutics. 
This research was undertaken to test the influence of adrenalin in 

doses small enough not to affect either the rate of the heart or respira- 


tion. 


IV. APPARATUS AND TECHNIC EMPLOYED IN THIS RESEARCH 


In this research hemorrhages were created and changes in the outflow 
of blood recorded by a special form of apparatus, which did not neces- 


sitate the defibrination of blood and hence avoided the establishment of 


Fig. 1—Diagram of hemorrhage-collecting apparatus. Letters referred to in 
text: H, a time signal; K and L, two stops, limiting the excursion of the alum- 
inum beam C to range of drum, 


abnormal conditions which such a process entails. The hemorrhage re- 
cording device (diagrammatically shown in Figure 1) has recently been 
described in detail’. As blood dripping from the wounded vessels above 
the apparatus is received inio the dripping collecting pan (D) it causes 
the aluminum beam (C) on the other side of a knife edge (A) to rise 
and record on a smoked drum by a celluloid pointer (F) moving in a 
horizontal axis set in the end of a lever. When the lever has reached the 
top of the smoked paper the drip pan is emptied and another record 
started. On an evenly moving drum the pointer writes an oblique line 
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which becomes more inclined to the vertical or horizontal as hemorrhage 
increases or decreases (see subsequent curves). The apparatus is cali- 
brated so that the actual quantity of blood lost can be estimated mathe- 
matically for definite time intervals. It possesses the further advantage 
that these intervals can be so chosen that outflow changes are not ob- 
scured. 

Dogs were anesthetized as lightly as possible with morphin and 
chloretone dissolved in 40 per cent. alcohol. Canulw were then inserted 
into the carotid artery and femoral or jugular veins. A small medium 
abdominal incision was made and a loop of smal] intestine with its mesen- 
tery was brought from the abdomen. With the intestine protected as 
much as possible by warm gauze sponges, silk ligatures were placed in 
loose loops around the mesenteric vessels as they passed toward the in- 
testine. This completed, the intestines and mesentery. with the exception 
of the small portion where ligatures had been placed, were protected by 
gauze and the whole abdomen was surrounded by a rubber bandage. In 
the latter an opening was cut so as to expose the isolated vessels. The 
dog, with abdomen down, was then suspended in a hammock arrangement 
above the drip-recording apparatus before described. When the carotid 


pressure and respiration were being satisfactorily recorded, a mesenteric 


vessel was cut and the blood received in the drip pan and recorded. 


V. THE NATURAL COURSE OF ARTERIAL INTESTINAL HEMORRITAGE 


In a study of the natural course pursued by an arterial intestinal 
hemorrhage attention was attracted to the fact that the initial amount 
of blood leaving the vascular system was not entirely dependent on the 
diameter of the vessels wounded, but varied rather in accordance with the 
product of this diameter and the pressure existing at that time. Thus the 
flow from a small artery could be as great as that from a larger one. 
From the time of its inception to its final cessation the bleeding dimin- 
ished gradually, but more rapidly at the beginning than toward the end 
of its course, so that a plotted curve appears more or less concave to the 
abscisse. 

Comparisons of hemorrhages from various sized vessels (Fig. 2) 
show, furthermore, that the early diminution was much more rapid in 
hemorrhages from large vessels than in those from smaller ones, with 
the result that about three minutes after its beginning the flow from 
the larger and smaller arteries became nearly equal. This was due to the 
fact that the greater outpour of blood from the larger vessels not only 
caused the pressure to fall more rapidly, but also afforded increased 
material to favor clot formation over the wound. 
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The time elapsing before cessation finally occurred varied considera- 
bly. Sometimes the hemorrhage was checked within a few minutes with 
little fall in blood pressure. At other times it continued, as in the case 
of the experiment plotted in Figure 3, until the pressure became very 
low or death supervened. Experiments soon showed that this variation 
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Fig. 2.—Three plots from Experiments 3, 10 and 4 respectively, showing the 
characteristic diminution of hemorrhage from large and small vessels. 


in duration depended, not so much on the size of the vessel wounded, 
nor on the fall in pressure, as on the facility with which a clot formed 
over the wound. Observation of the process of clotting around a wounded 
vessel showed that blood flowing from a wounded artery does not begin 
to coagulate immediately at the point of hemorrhage, but on the tissues 
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Fig. 3—Plot from Experiment 1, June 24, 1908, showing effect of progressive 


hemorrhage on blood pressure.. 


at a distance. After an adherent clot had been formed there it was added 
to progressively until it reached and covered the source of hemorrhage. 
Then hemorrhage was checked. If the surface over which the blood 
could spread by gravity or other forces was great, the first clot forma- 
tion occurred at a greater distance from the wounded vessel than if the 
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space over which it could flow was circumscribed in some way to the 
locality of the bleeding. ‘With the technic employed the coagulating 
surface varied considerably in different experiments. Sometimes the 
mesentery was smoothly stretched, at other times gathered into folds 
with depressions between them. Sometimes the vessel was at the bottom, 
at other times at the summit of such a fold. This lack of uniformity 
was the cause of the varied duration of hemorrhages. One of the chief 
reasons that gastric and intestinal hemorrhages are not more frequentl) 
fatal is that the ulceration which causes the hemorrhage also supplies a 
mechanism for its rapid checking ; viz., an excavation limiting the spread 
of blood. 


VI. TILE INFLUENCE OF ADRENALIN ON INTESTINAL HEMORRHAGES 


After hemorrhage had progressed for intervals of time ranging from 
one to twenty minutes, adrenalin made up in solutions varying in strength 


L = 
Fig. 4.—Scheme to illustrate the influence of adrenalin on the natural course 
of an intestinal hemorrhage. Description in text. 


from 1 to 20,000 to 1 to 200,000 was injected in doses containing from 
0.01 to 0.2 mg. (1/6400 to 1/320 grain). 

The results of these injections show that, under favorable conditions. 
the dose of adrenalin determines the effect on the course of hemorrhage 
much in the manner diagrammatically expressed in Figure 4. Every 
hemorrhage, as expressed by the are AB, has a natural tendency to dimin- 
ish and cease. A dose of adrenalin so small as to produce no effect may 
be administered during the course of the hemorrhage. The quantities 
from which the first effects are noticed undoubtedly cause a slight further 
diminution directly after injection. This shortens the course, as may be 
expressed by the are M. As the dose of adrenalin is increased the dimin 
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ution of hemorrhage seen is preceded by a temporary increase which, as 
larger doses are used up to a certain limit, becomes more and more pro- 
nounced. The diminution following the increase also becomes more 
pronounced and prompt after each larger dose, so that, though the injec- 
tion is immediately followed by an even greater loss of blood, the course 
is actually shortened (are N or O). A dose is finally reached which 
causes no greater preliminary increase, but after which the diminution 
or cessation is equally prompt and certain. These results are illustrated 


by the curves shown in Figures 5, 6 and 7. 
1. Cause of the Preliminary Increase-—Comparisons of the blood 
pressure records with those indicating the degree of hemorrhage show 


that the rise of blood pressure is responsible for the preliminary increase 
in the loss of blood. When only a slight rise of blood pressure is occa- 
sioned (Fig. 5) the local action of adrenalin on the wounded intes- 


Fig. 5.—Segment of a record from Experiment 37, Aug. 7, 1908, showing the 
effect of a dose of adrenalin too small to cause an increase in hemorrhage, but 
large enough to cause a subsequent decrease. Blood rendered non-coagulable in 
this experiment. R, respiration; B P, blood pressure; T, time in intervals of 
10 seconds, written on the base line for the present record: H, degree of hemor- 
rhage recorded by hemorrhage-recording apparatus. Hemorrhage-recording appa- 
ratus wrote 4 mm. to the left of blood-pressure pointer. In all records of respira- 
tion the down-stroke represents inspiration, the up-stroke expiration. Adrenalin, 
0.025 mg. 


tinal vessels can apparently counteract it, but this local action does not 
inerease proportionally with the rise in pressure, so, as the latter becomes 
greater, the preliminary increase follows (Fig. 6). The fact that ex- 
tremely large doses cause no greater preliminary hemorrhage than 
smaller doses is explained by the fact that large doses slow the heart 
exceedingly, which keeps the pressure from exceeding a certain limit. 

In dogs 0.01 to 0.025 mg. of adrenalin usually produced a satisfac- 
tory decrease in hemorrhage, while the preliminary increase in pressure 
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was so slight that, if any increase of flow preceded the decrease, it was 
very slight and transient. (Compare the rise of pressure and increase 
in outflow in Sections A and B, Table 1). Inspection of the preliminary 
increase occasioned in the experiments listed in Section C of this table 
will show, however, that this was not invariably slight and unimportant. 
This was because other factors than the actual dose must be taken into 
consideration in the administration of adrenalin. 

A. The Variable Reaction of Animals to Adrenalin: Although the 
same dose of adrenalin causes practically the same relative rise in pres- 

TABLE 1° 


. Actual. 
Actual. 


| 
Diastolic. . Outflow of Blood 
Blood Pressure per 20 Sec. 


Experiment, 
Interval before 
Injection, 

| 

During 
ninary In 
quent De 


Before. 


| Initial Outflow 
During. 


| 


} 


4.2 
4.2 
3.6 
1.5 
5.4 


*The data comprised in this table have been selected as representative of a 
table listing the results of forty injections of adrenalin. 


sure after each subsequent injection into the same animal, it is unfor- 
tunate that no such constant relation between dose and degree of reaction 
exists between various animals. It may be added that in these experi- 
ments care was taken to insure accurate dosage. Deterioration of the 
adrenalin solution was avoided by dissolving just before use a tablet 
triturate of adrenalin in the requisite amount of salt solution, and all 
injections were made with a graduated syringe after first filling the 
canula and connections with the adrenalin solution. Under these con- 


mez. min. mm. mm. mm. mm. c.c. ¢.c. 
9A 025 2% 32 36 32 4 2.3 2.9 2.4 6 0 
o% 025 + 32 36 32 4 2.4 2.5 1.9 a OA 
12B 025 31% 37 42 38 5 2.4 2.9 1.4 ’ 10 
9A 025 7 30 37 30 7 0 0 
20C 025 3 33 40 32 7 48 5.4 1.0 6 3.8 
9B 025 1 12 20 11 8 4.2 4.6 3.0 4 1.2 
eer 025 3 12 20 10 s 2.9 3.0 1.9 «41 10 
12B 14 35 46 38 ul 1.5 2.5 10 610 
7c 025 2 52 70 56 18 1.0 10 7 0 3B 
ISA .025 2% 56 70 54 15 3.7 3.9 3 3.4 
TA 025 33 54 86 54 35 1.3 1.9 3 £4 1.0 
7B aT) 025 14 62 90 65 28 1.2 2.0 os it 
12A 10.0 .020 5 64 70 64 6 5.2 6.7 4.7 1.5 5 
18B 6.5 025 2% 48 60 44 12 2.2 5.4 ® 32 13 
7D 1.1 .020 6 37 48 41 il 1.4 3.0 29 16 1.0C 
18B 6.5 025 1% 48 74 42 26 4.2 8.7 2.2 455 2.0 
19B 8.8 025 11 38 72 35 34 8.0 5.0 20 20 1.0 
19B 8.8 .050 5% 46 94 46 48 4.4 8.0 27 36 17 
6B 3.0 .080 6 30 90 36 60 an 1.9 eS Ba 2 
6D 0.8 10 11 22 64 26 42 1 3 1 2 oD 
6E 0.6 .20 15 22 54 23 32 2 8 ol 6 a 
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ditions it was found that 0.025 mg. might cause any elevation of pressure 
between 4 and 34 mm. of mercury. (Compare Sections A, B and C of 
Table 1). It is not the purpose of this article to delve into the causes 
of this varied susceptibility of animals to adrenalin. It is merely neces- 
sary to point out the fact that human beings, as well as animals, may 
vary in their susceptibility. Thus reserve and caution demand that in 
the practical use of adrenalin not too much reliance should be placed on 
a definite dose and that its therapeutic use, for the present at least, should 
be accompanied by careful blood pressure observations. 

Since such great variation in pressure results from a certain dose, 
corresponding variations must be expected in the preliminary increase 
of hemorrhage. 

B. The Quantity of Blood Lost Before Administration of Adrenalin: 
The suggestion naturally arises that the amount of blood lost before 
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Fig. 6.—Segment of a record from Experiment 29, July 30, 1908, showing 
effect of a dose of adrenalin sufficient to cause a preliminary increase. The sub- 
sequent decrease occurs in several stages, A, B and C referred to in text. Let- 
tering otherwise same as before. 1 c.c.—=4 mm, vertical rise, 


adrenalin is administered may determine the degree of the preliminary 
increase. For example, it may be argued that, after a progressive loss 
of blood and a consequent lowering of pressure, adrenalin can not cause 


as great an increase of pressure as when injected while the pressure is 
higher. This is an important point to determine experimentally, for it 
leads to the assumption that larger doses may be employed when the pres- 
sure is low without incurring the risk of a greater preliminary increase. 
A comparison of the data, in heavy type, of Section B, Table 1, shows 
that, though small doses injected after much blood had been lost and the 
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pressure was consequently low, did not cause as great an increase in pres- 
sure as thev did when injected early in an experiment while the pressure 
was still high, they exerted the same effect on the preliminary increase 
of hemorrhage. (Compare Experiment 9 B, 12 B, with Experiment 7 
A, B, C, and 18 C). On the other hand, it was found that a large dose, 
for instance, 1 mg., induced a greater flow if given after hemorrhage 
had progressed for some time than if administered early (Fig. 8). This 
happened because the high pressure produced was powerful enough to 
dislodge the clot which had gradually formed and which was contrib- 
uting to the checking of the hemorrhage. 
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Fig. 7.—Segment of a record from Experiment 27, July 29, 1908. Effect of a 
large dose of adrenalin on pressure and hemorrhage. Lettering same as before. 
Adrenalin .05 mg. 


The practical conclusion may then be emphasized that large doses 
must not be employed for fear of dislodging clots and thus seriously 
increasing hemorrhage. The slight rise of pressure caused by smaller 
doses is not powerful enough to dislodge the clot and they are therefore 
indicated late as well as early in the course of hemorrhage. 

C. The Size of the Hemorrhage: Simple reasoning tells that a cer- 
tain rise of pressure will cause a greater efflux of blood from a large than 
a small vessel, and so adrenalin seems fraught with greater danger in 
the larger hemorrhages. Experiments showed that while this is often 
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so it can be obviated to a great extent by a judicious choice of the time 
of injection (Section C, Table 1). As was previously pointed out, the 
amount of blood lost from large vessels is, within a few minutes after 
starting, no greater than from small ones, for the pressure in the former 
falls more rapidly and the opening is more speedily occluded by a clot 
than in a smaller vessel in which the pressure remains higher. Now, if 
a dose of adrenalin is injected early in the course of a hemorrhage, before 
this diminution has taken place it will cause a greater preliminary 
increase than a similar dose would from a smaller vessel. If, however, 
one waits with the injection until a dimunition occurs, the absolute 
increase accompanying the injection is no greater than from a smaller 
vessel, provided the dose does not cause too great a rise of pressure. It 
seems reasonable to assume that by the time an injection can be given to 
a patient, the hemorrhage will, if from a large vessel, have diminished 
sufficiently so that its administration is not beset with excessive danger. 


| 
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Fig. 8.—Plot from results of Experiment 12, July 9, 1908, showing relative 


effeets of a large dose before and after formation of a coaguium over wounded 
vessel, Lettering same as before. 


increase of hemorrhage observed in forty experiments, adrenalin was 
found to cause an immediate cessation in 40 per cent. of injections, a 
marked decrease in 47 per cent., while in 13 per cent. no favorable action 
followed. It remains to analyze the causes of this subsequent decrease 


2. Cause of the Subsequent Decrease—Following the preliminary 


or cessation. 

Figure 6 shows well the nature of those experiments in which cessa- 
tion followed the use of adrenalin. Careful inspection of the record 
shows that this cessation occurred in two stages. After the increase of 
hemorrhage at A, a marked reduction below the normal followed instant- 
ly at B. This was followed by a final change to a cessation at C. In 
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other experiments the reduction at B was the same, but the final cessa- 
tion at C was absent. 
The first diminution was not due to the lowered pressure following 


the injection of adrenalin, as may be argued from the appearance of Fig- 


ure 6, for it was more usual for the pressure not to be lower. It could 
also not be explained as a dynamic effect from the loss of blood for the 
following reasons: 

1. Occasionally the diminution was absent after a preliminary increase 
(Experiment 9 A, 7 D), and again it was present when no preliminary 
increase had occurred (7 C, 18 A). 

2. If the pressure and hemorrhage were augmented by stimulating 
the sciatic, the preliminary increase was occasioned by an elevation of 
pressure, but the subsequent decrease was absent. 

The assumption then seems warranted that adrenalin acts longer at 
the point of injury than on the general blood pressure. This prolonged 
constriction caused the decrease in hemorrhage at B and this in turn 
favored clot formation, which caused the final cessation of hemorrhage 
at C. When adrenalin merely reduced but did not absolutely check 
hemorrhage, conditions for coagulation were not favorable around the 
opening. In order not to make this assertion without corroborating evi- 
dence several confirmatory tests were made. 

In one series of check experiments the original technic of preparing 
the mesenteric arteries was retained, but the animal’s blood was rendered 
non-coagulable by withdrawing at half-hour intervals a part of its blood, 
defibrinating it, and, after warming, reinjecting it into the jugular vein. 
In these cases hemorrhage diminished only as the pressure fell and ces- 
sation occurred only at the death of the anima]. Adrenalin caused the 
same preliminary increase in hemorrhage followed by a decrease, but 
never by a cessation (Fig. 5). 

In another series of cases the clot formation was interfered with by 
isolating each mesenteric vessel, doubly ligating it and cutting between 
the ligatures. To a short ligature left attached to the proximal end of 
an artery a light weight was attached, so as to place the vessel under a 
slight tension and draw it away from the mesentery. A lateral incision 
was then made in the vessel, as a result of which the blood passed down 
the thread in a pulsating spiral stream and dropped without touching 
the surrounding tissue. In this case the clot started to form at the place 
where the ligature was tied to the vessel. but the tendency for the clot to 
build up was counteracted by the downstreaming of blood. Adrenalin, 
administered under these conditions, practically reduplicated the curve 
shown in Figure 5. Absolute cessation never followed. 


152 ADRENALIN IN INTESTINAL HEMORRHAGE 


We may then conclude that adrenalin, by narrowing the lumen of 
blood vessels, can diminish hemorrhage after the rise of pressure has 
passed off. There is no proof that adrenalin can itself completely oblit- 
erate the vessels, however. The coagulating property of the blood is nec- 


essary to complete the action of adrenalin, 

In regard to the 13 per cent. of cases in which adrenalin failed to 
diminish hemorrhage, it may be said that out of the five cases in which 
this occurred, in two (Experiments 6D, 6E, Table 1) the adrenalin was 
administered so late that the hemorrhage had already nearly ceased and 


hence no benefit could occur. 

A. The Effect of Adrenalin on Coagulation of Blood: The question 
arises in this connection whether adrenalin also aids by actually hasten- 
ing the coagulation of the blood. The frequent coagulation of blood in 
the canule during adrenalin experiments has been attributed to this 
factor by certain pharmacologists. The only research bearing on the 
problem was that of Richards and Vosburgh*. ‘These workers report 
five experiments (one of which is absolutely negative) from which they 
conclude that adrenalin shortens the coagulation time as a result of its 
application to the pancreas. 

The question was not extensively studied in this research and no per- 
manent conclusions will be drawn. It may be stated, however, that as 
a result of many tests made on five dogs there was never the slightest 
indication that adrenalin, either when injected or added to the blood, 
appreciably hastened the coagulation process. A typical experiment is 
appended. 

EXPERIMENT.—Aug. 20, 1908. Dog, anesthetized with morphin and chloretone. 
Carotid artery, jugular vein and femoral artery prepared and canule inserted 
into each, a very short one in the latter. After each test, the canula in the 
femoral artery from which blood was drawn was rinsed with salt solution and 
dried with cotton swabs. For each test 1 ¢.c. of blood was drawn into a short 
test-tube, 7 mm. in diameter, and the time until the tube could be inverted 
without spilling, recorded. The observations follow: 

Time. Coag. Time. Time. Coag. Time. 
10:08..... 3.25 min. :40..... Adr.5e.c. 1:100,000 
10:11 2.75 min. :42..... 2.00 min. 

10:14 : min. 745..... 3.00 min. 
10:18..... 3.00 min. :53..... Adr.ide.e. 1:100,000 
10:23..... 3.25 min. 74 ... 3.00 min. 
3.25 min. :55..... 2.50 min. 
10:27 3.25 min. 700... .. 3.00 min. 
3.25 min. :02..... 2.25 min. 
10:32. : min. 705... .. 3.00 min. 


min. :08..... Adr.i5e.c. 1:100,000 


min. 2.75 min. 


min. 8.76 min. 
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3. The Value of Other Modes of Administration—The different 
methods of introducing adrenalin were investigated with the hope that 
perhaps the unfavorable preliminary increase in hemorrhage due to the 
high pressure occasioned could be eliminated or minimized, while the 
favorable decrease could still be retained. 

A. Continuous Intravenous Injections: To produce continuous 
intravenous injections of adrenalin the solution was placed in a graduated 
burette and this was connected with the femoral vein. The rate of inflow 
was regulated by a clamp with a fine screw thread placed on the connect- 
ing tube, so that quantities of adrenalin from 0.06 to 0.005 mg. were 
introduced per minute. 

TABLE 2. 


Rate of 
| Injection 
per min. 
mg. 


Duration of Effect on 
Injection Pressure —— Effect on Hemorrhage. 


Exp. 
min. During Injection. | During. After. 


.066 ay Rise 33 Marked Cessation. 
Increase. 


Rise 20<62>22 Marked Cessation. 
Increase. 


Rise 22<28>12 Increase sl. Cessation. 
Decrease. 


Rise Increase. Cessation. 

Rise 15>6 Temporary Further 
Increase. Decrease. 
Decrease. 

Rise 0>2 Decrease. Decrease. 

No change Decrease. Decrease. 

Rise 4>0<2 Decrease. Decrease. 


Rise 5>3 Sl. increase Cessation. 
Decrease. 


Rise 4>0<2 Decrease. Decrease. 


> means decreased to. 
< means increased to. 


A glance at the results shown in Table 2 indicates that the doses of 
adrenalin exceeding 0.02 mg. per minute caused a considerable rise in 
pressure, which occasioned an increased flow as long as the introduction 
lasted. A great diminution or cessation of hemorrhage followed as soon 
as the injection ceased. Evidently the continuous administration of 
large doses possessed no advantage over instantaneous injections, while it 
had the disadvantage that the increase in hemorrhage was prolonged, 
whereas the real aim is to reduce the duration of the increase as much 
as possible. 

Smaller amounts injected continuously during a definite time (0.007 
to 0.01 mg. per minute) caused very little rise in pressure and little or 
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15D -028 3% 
15A -02 4 
15E -018 3% 

8B -01 7 
254 .008 4 
25C 007 4% 
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no preliminary increase in hemorrhage (Fig. 9). The diminution fol- 
lowing compared favorably with that following single injections. The 
method of continuous administration is preferable in cases of hemorrhage 
accompanied by great vascular failure. In these it becomes of greater 
importance to maintain a higher pressure than to check hemorrhage 
quickly, and the fact that this can be done by adrenalin without aug- 
menting hemorrhage is of great practical advantage. 

B. Subcutaneous Injections: This method of administration was 
tested, but with negative results as far as the effect on blood pressure 
and hemorrhage were concerned. The reactions reported by Meltzer on 


rabbits could not be obtained in these experiments on dogs. It seems 


/ 


gcc. 
Stop 


Fig. 9.—Segment of record from Experiment 25, July 27, 1908, showing effect 
of a continuous intravenous injection of adrenalin (1 to 300,000 at rate indicated 
on curve) on hemorrhage and blood pressure. Lettering as before. 


certain, at least, that by this method not enough adrenalin enters the 
cireulation to act efficiently on the blood vessels, 

C. Intramuscular Injections: By deep intramuscular injections it 
is possible to introduce a desirable quantity of adrenalin into the blood 
stream. Seven experiments were made to determine the effect of adren- 
alin on intestinal hemorrhage when administered in this way. In each 
case from 0.5 to 5 e.c. of a 1 to 1,000 adrenalin solution was injected 
into the peetoral or dorsal muscles. The effect on hemorrhage much 
resembled that observed in continuous intravenous injections except, as 
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shown in Figure 10, the increase occasioned by the rise was converted 
into a decrease before the pressure fell. ‘This occurred every time, even 
when a great rise in pressure followed an intramuscular injection. These 
favorable results and the convenience of the method favor its employ- 
ment when hemorrhage is to be checked and the pressure increased. 
Larger doses are required when this method is used. In dogs 1 mg. given 
intramuscularly induces no greater effect on hemorrhage than 0.025 mg. 


given intravenously. 
VII. THE EFFECTS OF NITRITES ON INTESTINAL HEMORRHAGE 


Seventeen injections of nitrites were made during various stages of 
hemorrhage in order that their use might be compared with that of 


) 
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Fig. 10.—Segment of a record from Experiment 56, Aug. 27, 1908. Effect of 
an intramuscular dose of adrenalin on blood pressure and hemorrhage. Lettering 
as before. 1 ¢.c. adrenalin 1-4,000 intramuscular. 


adrenalin. The results following the inhalation of amyl nitrite and the 
intravenous injection of nitroglycerin and sodium nitrite are ineor- 
porated in Table 3. Usually the nitrites caused an immediate fall of 
pressure, which was somewhat slower after inhalation of amy] nitrite 
than after the introduction of the others. In the case of amyl nitrite 
and nitroglycerin the fall was temporary, the pressure gradually return- 
ing to normal again, but in the case of sodium nitrite it remained low. 
The degree to which the pressure fell depended largely on the dose. The 
actual height of the pressure did not influence the relative fall. 
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In 76 per cent. of cases the fall of pressure caused an immediate 
diminution of hemorrhage. In 40 per cent. of these cases this was fol- 
lowed by a total cessation, even when the pressure returned again to 
normal; in 30 per cent. a further decrease occurred ; while in another 36 
per cent. the flow increased again to normal or above normal. When a 
total cessation or marked diminution occurred it was due to the fact that 
coagulation was favored by the lowered pressure; but when no such 
change took place the conditions for coagulation were unfavorable. A 
subsequent increase occurred only when the pressure returned to normal 
and a clot had not formed over the vessel. Even then hemorrhage had 
heen temporarily benefited. 


TABLE 3. 


Diastolic. Outflow of Blood 
Blood Pressure | per 20 sec. 


Interval before 
Pressure 


Injection. 
During. 


Experiment 
Drugs and Dose 
| @ |Before. 


Amy! nitrite. 


- 
= 
= 


Son 


Gor 

te 

on 


7 
4 
7 


3 gtt. 
Nitroglycerine. 
33 1/250 er. 
1/100 ger. 
1/100 gr. 
1/100 gr. 
1/100 gr. 
1/100 gr. 
Sodium 
Nitrite. 
gr. 
gr. 
gr. 
gr. 
er. 
gr. 
* Blood rendered non-coagulable. 


to 
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In 24 per cent. of cases the fall of pressure had no beneficial effect 
on hemorrhage. In two of these cases (Experiments 34 B, 47 B) the 
hemorrhage was from a very large vessel, and in the other cases the pres- 
sure had already been permanently lowered by previous administration 
of nitrites, so that subsequent injections caused only a slight fall. 

It may be concluded, then, that nitrites, by the fall in pressure 
induced, cause an immediate diminution of hemorrhage, followed by ces- 
sation, if conditions for coagulation around the wound are favorable. 

There is, however, a danger in lowering the pressure by the use of 
nitrites in cases in which hemorrhage has continued for long intervals of 


= 
6c 5 att. 29 
47A 10 gtt. 210 
STA 5 gtt. 75 
*58C 5 ett 20 
1.0 
‘ 0 
5.0 
0 
3 0 Death. 
0 1.4 
54 22 22 60 11.8 4.5 2.3 
22 18 18 13 2.0 1.5 1.5 
S 22 14 14 36 2.0 0.5 5 
28 16 16 57 13.0 45 .75 Death 
2 33 33 64 2.0 15 3.0 
56 26 26 53 1.6 5 a 
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time. This danger is not theoretical, but can be experimentally dem- 
onstrated. In three experiments after the pressure due to hemorrhage 
had become very low an injection of nitrites was made, which, by its fall 


in pressure, caused not only a diminution of hemorrhage, but also a 
failure of the respiration and the heart. 
VIII. CONCLUSIONS 
The following conclusions may be drawn regarding the use of adren- 
alin in intestinal hemorrhages : 


1. Large doses of adrenalin (0.05 to 0.1 mg.) cause a short prelim- 
inary increase in hemorrhage followed quickly by a decrease or cessation 


R. 


Fig. 11.—Segment of record from Experiment 57, Aug. 28, 1908. Effect of 
nitrites on blood pressure and hemorrhage. 214 grains NaNU,, 


of bleeding. On account of the great preliminary loss of blood they are 
always contraindicated. 

2. Small doses of adrenalin (0.01 to 0.025 mg.) cause little or no 
preliminary increase, but shorten the course of hemorrhage. As they 
save the red blood cells in every way they are therapeutically desirable. 

3. The method of introducing adrenalin determines the effect on 
blood pressure and hemorrhage. No results are obtained by subcuta- 
neous administration. By continuous intravenous injection of weak solu- 
tions a slight elevation of pressure can be maintained and hemorrhage 
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simultaneously checked. This can also be accomplished by intramuscu- 
lar injections. 

4. Adrenalin is not indicated in all intestinal hemorrhages. The 
condition of the blood pressure is the criterion for its use. In hem- 
orrhages of short duration, when the pressure has not fallen to any 
extent, a judicious dose of nitrites proves of more benefit than adrenalin. 
When the bleeding has been profuse, however, and a low pressure already 
exists, it becomes vital that hemorrhage should be checked without 
further reduction of pressure. Adrenalin finds its use in this field. 

5. The use of adrenalin should always be closely followed by blood- 
pressure observations. A dose sure to be below the safety limit should 
first be tried and the pressure carefully estimated. If no rise occurs 
gradually increasing doses may be injected until a slight elevation of 
pressure bs present, in which case we may be certain that enough has 
heen introduced to affect hemorrhage, and at least no significant prelim- 
inary increase has resulted. 


THE THERAPY OF DIABETES MELLITUS * 


W. FALTA, M.D. 
VIENNA, AUSTRIA 


In the lecture which I had the honor to deliver a few weeks ago 
before the New York Academy of Medicine, I explained that human 
diabetes mellitus was a disease of highly complicated nature. I then 
took the stand that we should not seek in the pancreas the sole cause of 
the disease, but rather that a réle is also played therein by other organs 
which elaborate internal secretions, and especially by the nervous system. 
In most general terms I defined the diabetic disturbance of metabolism 
as a lack of equilibrium between carbohydrate mobilization and carbo- 
hydrate combustion, arising from insufficiency of the pancreas or from 
overactivity of the chromaffin system, or from both causes together. 
Apart from the rare cases in which grave pancreatic disease has been 
found, we are at present ignorant of the ultimate cause of this disturb- 
ance of metabolism, and accordingly a causal therapy, the ideal therapy 
in every disease, is to-day out of the question. Symptomatic therapy 
seeks, in the first instance, to combat the most prominent symptom, 
the excretion of sugar and its results. 

Theoretically two possibilities exist : 

1. To increase the efficiency of carbohydrate metabolism. Conceiv- 
ably this might be accomplished by increasing the internal secretion of 
the pancreas by the implantation of a new organ—until now a pious 
hope—or by the use of pancreatic secretion. Recently Zuelzer has re- 
ported such experiments, but to-day they do not possesss practical value. 
Further, it may be expected that a diminution of the excessive carbo- 
hydrate mobilization should increase the utilization of sugar. This 
might be accomplished by checking the nervous svstem. The success 
which occasionally accompanies the use of sedatives may come about in 
this way. Unhappily such successes have been slight. 

2. To diminish the requirements, thereby giving the diseased organ 
or organs the opportunity of recovering. This may be brought about 
by diminishing the amount of the food, especially of the most effective 
sugar-formers. This is the theoretical foundation of the dietetic therapy 
of diabetes mellitus, which has thus far been regarded as the sovereign 
means of treatment. 


*Delivered before the Harvey Society, Nov. 28, 1908. 
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Before turning to the therapeutic measures which aim to improve 
the carbohydrate metabolism, I wish to consider a small group of cases 
which manifest a marked disease of the pancreas, for these often require 
a special therapy. When in such cases pancreatic disease has proceeded 
so far that there is no longer an adequate secretion of pancreatic juice 
into the intestine; or when, the more common event, lithiasis causes 
complete obstruction of the pancreatic duct, characteristic disturbances 
of absorption arise. These concern chiefly protein and fat. The very 
voluminous stools contain great quantities of neutral fat; microscopic- 
ally the picture is mainly muscle fibers and fat droplets. In extreme 
cases the fat may flow out of the anus in an oily mass and stiffen into a 
butter-like paste. Salomon has pointed out that, in doubtful cases, by 
feeding large quantities of butter, such stools may be caused and the 
diagnosis established. 

Such patients are in a grave condition; protein and fat are very im- 
perfectly absorbed, while the carbohydrates are excreted, unutilized in 
the urine, as grape sugar. Therefore these patients are starving and 
they actually live on their own tissues and rapidly lose flesh. In such 
cases therapy is of great avail in replacing the pancreatic secretion. 
von Noorden first used the raw pancreas of the ox, but this preparation 
quickly becomes obnoxious, and accordingly pancreatic extract has been 
substituted for it. Since the acid gastric juice diminishes the activity 
of pancreas preparations, tablets hardened with tannin have been em- 
ployed, in the expectation that they would not be disintegrated before 
reaching the intestine. This preparation, under the name of pankreon, 
is, however, not always active. According to our experience, the most 
successful preparation is the pankreatin of the Rhenania factory, in 
doses of 10 gm. daily; simultaneously, however, the diminished alkalin- 
ity of the intestine must be repaired. According to von Noorden, this 
may best be accomplished by the use of calcium carbonate, which is less 
readily absorbed from the stomach than sodium bicarbonate. Further, 
it may be mentioned that emulsified fat (milk-fat or egg-yolk) is much 
better utilized. With the help of this therapy in such cases the body- 
weight may often be readily increased, and for years together tolerable 
conditions for the life of the patient may be established. 

I turn now to the disturbances of the carbohydrate metabolism. The 
chief end of dietetic therapy is here the depression of glycosuria. Of 
course, we must not attend to this factor alone; complicated acute infec- 
tious diseases may often cause a quite enormous increase in the forma- 
tion of the ketone bodies; further, chronic infectious diseases, as, for 
instance, tuberculosis, may often, if not always, prevent a strict dietetic 
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treatment. In light cases of tuberculosis, however, an improvement in 
the tuberculous process is often to be observed with the disappearance of 
sugar from the urine. Indisposition of the gastrointestinal tract, often 
the result of a long-continued protein-fat regimé, sometimes occupies a 
prominent position. Especially, however, does the occurrence of acidosis 
prohibit a decrease in the carbohydrate of the diet. This matter will be 
discussed later. 

I wish now to present a question of fundamental importance. On 
what grounds do we seek to bring about a disappearance of glycosuria? 
Obviously by the excretion of sugar the food loses just so much of its 
value. For instance, in an extreme case, 500 gm. of sugar may be ex- 
creted in twenty-four hours; if this patient receives an ordinary diet, 
which yields 2,500 calories daily, he is losing through the excretion of 
sugar in the urine 2,000 of these calories; accordingly the patient is 
living on his own body and rapidly loses flesh. Such cases of extreme 
glycosuria are, of course, exceptional. In cases in which 100 gm. of 


dextrose are daily excreted, the loss of energy is only 400 calories, and 
these may readily be replaced by the equivalent quantity of fat, for in- 
stance, by 50 gm. of butter. Further, the circumstance that the protein- 
sparing carbohydrates are the substances here involved is not of essential 


importance. In my publications numerous instances are cited which 
show that often, in the most severe cases of diabetes with enormous excre- 
tion of sugar, a comparatively small addition of calories may prevent a 
loss of protein; and, indeed, that a tendency, thus far difficult to explain, 
to a retention of protein exists. The salient point accordingly depends 
on another circumstance, which may be formulated as follows: Glyco- 
suria is a result of hyperglycemia, and in depressing glycosuria we seek 
chiefly to depress the hyperglycemia. In this connection there arise 
from the more recent investigations in von Noorden’s clinic therapeutic 
considerations of great importance. Liefman and Stern have shown 
that in long-continued cases of diabetes mellitus, even with relatively 
slight excretion of sugar, very considerable hyperglycemia may be dis- 
played; and that, after the disappearance of sugar from the urine in such 
cases, it may be a very long time before the sugar content of the blood 
has sunk to its normal! level. Apparently after long-continued hypergly- 
cemia, the kidneys lose their high degree of sensitiveness to slight in- 
crease in the sugar content of the blood. As an example, I present the 
following case recently observed in the clinie: With a daily sugar exere- 
tion of 5 gm. the blood sugar amounted to 0.36 per cent.; on the twenty- 
third day after the disappearance of sugar from the urine it still 
amounted to 0.123 per cent., instead of the normal content of 0.085 per 
cent. 
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We are accustomed to refer many, indeed most, of the secondary 
phenomena in diabetes to hyperglycemia: the lancinating pains, furun- 
culosis, pruritus, the falling out of the teeth, the failure of hearing, the 
premature cataract, the impotence, the vulnerability of the tissues, and 
the early arteriosclerosis with gangrene. But the significance of hyper- 
glycemia is far greater than this, in that long-continued hyperglycemia 
increases the disturbance of metabolism, thereby establishing a vicious 
circle! We understand accordingly why all these results of hypergly- 
cemia, and one especially, namely, gangrene, are to be found even in 
apparently very mild cases of diabetes. These individuals may excrete a 
few grams of sugar daily, but they may have had diabetes and accord- 
ingly hyperglycemia for fifteen years; thus we perceive the desirability, 
even in cases of the diabetes of old age, of not being content when the 
excretion of sugar has been reduced to a few grams, but of insisting on 
complete disappearance of sugar. The understanding of many charac- 
teristics of tolerance is to be found in these relations; thus we often 
perceive that, even severe cases in youth, which may only with difficulty 
yield sugar-free urines, possess for a remarkably long time no tolerance 
for carbohydrates; indeed, we have recently observed such a case in the 
clinie, which, nine days after the disappearance of sugar from the urine, 
showed a sugar content of the blood of 0.21 per cent. So long, there- 
fore, as the blood sugar has not attained its normal level no tolerance is 
to be expected. In cases in which a careful experiment in the feeding 
of carbohydrates produces an immediate excretion of sugar, it is well to 
remove carbohydrate entirely from the diet during several weeks. In the 
above-mentioned case it took two months, after the urine was sugar-free, 
to establish a slight tolerance, approximately 10 gm. 

I turn now to the question how glycosuria is to be combated. There 
is in the literature an extensive accumulation of facts on the influence 
of various foodstuffs on glycosuria. I myself, with several collaborators, 
have been occupied with this problem during the past five vears. The 
results of the older as well as the more recent investigations indicate 
that the disturbance of metabolism in diabetes is of a very complex 
nature, and that thus its intensity is subject to many factors. Each 


case has its peculiar characteristics and requires a special study; 
schematic treatment here would be quite out of place. Before determin- 
ing on a plan of treatment, therefore, it is necessary to obtain an esti- 
mate of the character and intensity of the disease. In order to accom- 
plish this, it is advisable to place every new patient for a period of three 
days on a test diet of known composition. At our clinic the following 
test diet is used: 250 grams of meat, 150 grams of butter, 4 eggs, 300 
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grams of vegetables with low carbohydrate content. In addition, tea, 
bouillon, coffee, about 4 deciliters of light white wine and 75 grams of 
white bread, divided through the day in three equal portions. This diet 
contains approximately 16 grams nitrogen, 50 grams carbohydrate and 
about 2,400 calories. Cases with severe acidosis and with signs of be- 
ginning coma are, of course, excepted ; for these the carbohydrate content 
of this diet would be too low and thus be dangerous. 

The sugar excretion on this diet can vary considerably. I have 
noted here some of the types: 


First Second Third 

Case 1— Day. Day. Day. 

Dextrose, grams .. 30 10 5 

Case 2—Dextrose, grams-— 

Titration ....... 9 60 40 

Polariscope ..... 85 60 25 

Acetome ....... + ++ +++ 
Case 3— 

Dextrose, grams .. 20 40 50 
Case 4—Dextrose, grams— 

Titration ...... 70 70 70 

Polariscope . 45 45 45 


In Cases 1 and 2 we may assume that the patients had previously 
taken more carbohydrate than is contained in the test diet. Case 1 is a 
very mild one; the patient, in all probability, will become sugar-free on 
further treatment. Patient 3 probably has been previously on a strict 
diet. Patient 4 had probably been before on a diet similar to the test 
diet. In this manner we gain an approximate idea of the dietetic habits 
of the patient previous to beginning treatment, irrespective of the pa- 
tient’s own account. Furthermore, by means of this test diet we can ob- 
tain a quick diagnosis of the degree of ketonuria. 

I take this opportunity to point out that in severe cases, with large 
amounts of beta-oxybutyric acid in the urine, polarization is quite inade- 
quate in the quantitative determination of sugar. This is undoubtedly 
self-evident; nevertheless, it is often overlooked in practice, as well as in 
laboratories and pharmacies. Polarization before and after fermentation 
has the drawback that we must await the completion of the fermentation. 
Fehling’s method requires considerable practice. It is practical, therefore, 
to employ a modification of Fehling’s method, in which the unreduced 
copper is titrated back by means of potassium iodid and sodium thio- 
sulphate, in acid solution. The estimation by this method can be per- 
formed in ten minutes. It is not infrequent in severe cases, especially 


under strict diet, to observe differences of 30, 40, ves, occasionally even 
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50 grams between the figures obtained by titration and by polarization. 
This difference is also a measure of the amount of oxybutyric acid excre- 
tion, a better one than is obtained by the determination of the amount of 
ammonia, since the latter is influenced by the sodium therapy and is 
dependent on the degree of protein metabolism. 

From the difference between the titration and polarization and from 
the intensity of the acetone test and ferric-chlorid reaction, we may 
obtain during the three days’ test diet an idea of the degree of ketonuria. 
Thus we see in Case 1 that the patient becomes almost sugar-free with- 
out the appearance of acetonuria. This is a very mild case. In Case 2 
the sugar falls off rapidly, too, but the ketonuria rapidly increases and 
warns us to be careful. Case 4 is stamped from the beginning as a severe 
one by the character of glycosuria and ketonuria. 

In judging a case further, the intensity of the glycosuria is of great 
importance. We consider, in this respect, chiefly the third day of test 
diet, as it may be assumed that by this time a condition approaching 
equilibrium has become established. A sure opinion of the intensity of 
the glycosuria can be obtained only when we know, not merely the carbo- 
hydrate content of the food, but also its other constituents, since the 
sugar may be derived from various sources. In Cases 1 and 2 the 
sugar excretion is less on the third day than the carbohydrate intake. 
In Case 3 intake and output are about equal; in Case 4 the sugar excre- 
tion is some 20 grams higher than the carbohydrate intake. 

Next in importance as a source of sugar is the burned protein. 
Furthermore, there are, indeed, cases in which the sugar excretion is so 
great that even the burned protein does not suffice for an explanation. 
In these cases we have no alternative for the present but to assume the 
formation of sugar out of fat. In these cases we observe occasionally, 
also, that a very large fat intake will increase the sugar excretion. How- 
ever, these cases are relatively rare. In the great majority of all cases, 
the sugar excretion is determined by the carbohyrate and protein con- 
tent of the food. 

For our fourth case, now, as has been mentioned, the sugar excretion 
exceeds the carbohydrate intake by 20 grams. ‘We have here a so-called 
negative carbohydrate balance of 20. This terminology is, however, 
inexact, because it overlooks the protein metabolism. It has an entirely 
different meaning according as 10 or 30 grams of nitrogen are simul- 
taneously excreted in the urine. 

One obtains, therefore, a better conception of the conditions through 
the ratio D:N. In Case 4 this factor equals: 


70—50 
—_— = 1.33. 


15 
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One must not, however, assume that in this case only 20 grams of 
sugar are derived from the protein metabolism. On the contrary, it is 
much more probable that, in severe cases, the protein and carbohydrate 
are implicated according to their sugar value in the formation of uri- 
nary sugar. If we assume the sugar value of albumin to be 80 per cent., 
then for every gram of nitrogen in the urine there are 5 grams of 
dextrose. The sugar value of the metabolized material accordingly 
amounts to the carbohydrate intake plus five times the urinary nitrogen, 
and the coefficient of excretion is: 


D 100 


carbohydrate + 5 N. 


In Case 4 this coefficient amounts to: 
70+ 100 7,000 


50+(5x15) 125 

That is, 48 per cent. of the sugar value of the food was excreted and 
52 per cent. was assimilated. If the excretion coefficient rises over 100, 
and in consequence the ratio D:N rises over 1 to 5, then this indicates, 
in my opinion, sugar formation from fat. 

Since we know the exact composition of our test diet, we ean caleu- 
late the intensity of the sugar excretion according to this formula with 
accuracy. Since nitrogen retention frequently occurs in diabetes, it is 
desirable to determine the nitrogen content of the urine of the third 
day. By our test diet we have, then, determined the intensity of the 
glycosuria and ketonuria. If, in addition, the age, occupation, sur- 
roundings, the duration of the diabetes and possible complications are 
considered, we may arrive in the space of three days, with compara- 
tively simple means, at a fairly clear idea of the intensity of the disease, 
which is of great advantage in forming a plan of treatment. A definite 
opinion, however, can be reached, it is true, only in the course of further 
treatment. It is dependent on the answers to the following questions: 
Can the patient be made sugar-free? Can a sugar tolerance be estab- 
lished? What is the course of the ketonuria? 

We enter, then, into the second phase of the treatment; we attempt 
to render the patient sugar-free. In the mild cases it usually suffices 
to strike out the bread from our test diet. Thus it is to be expected, in 
Cases 1 and 3, that the urine will be sugar-free after a few days. In 
the severer cases it is necessary, in addition to the withdrawal of carbo- 
hydrates. to limit the protein intake. This is readily to be understood 
in view of what I have said before. The sugar value of our test diet 
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amounts to 15X5+50—125. Let us assume that the patient’s sugar 
tolerance in Cases 1 and 3 is at 90; after the withdrawal of carbo- 
hydrates from our test diet we obtain a sugar value of 75, which is 
below the limit of the present tolerance; the glycosuria ceases. In Case 
2 let us assume the limit of tolerance to be 50. We reach a level below 
the limit of tolerance then only if, in addition to the withdrawal of 
carbohydrate, we diminish the protein content of the food by at least 5 
grams of nitrogen. This method is of considerable advantage also in 
the severe cases. In Case 4 there are, during the time of the test diet, 
70 grams of dextrose in the urine. We now withdraw the carbohydrates 
and find, after two or three days, 36 grams. We could thus assume 
that the ability to assimilate the carbohydrate had diminished. How- 
ever, if we take into account the sugar value of the protein, we obtain, 
in the first period, a total sugar value of 125 and a coefficient of 48; in 
the second period, a total sugar value of 75, and thus the same coefficient 
of 48. Thus there has been no change. It is true that such conditions 
are found only in very severe cases. In the great majority of all cases, 
the power of utilization rises rapidly with the diminution of the total 
sugar value, for less sugar passes through the body in twenty-four hours, 
the glycemia decreases and recovery begins. The consideration of the 
total sugar value, therefore, always gives us a much clearer conception 
of the conditions than the carbohydrate content of the food alone. The 
same is true of the carbohydrate tolerance. I propose, therefore, that 
the tolerance be also expressed in terms of the total sugar value. 

In practice we proceed as follows: If the withdrawal of carbohy- 
drate alone does not suffice, we decrease the nitrogen content of the food 
to about 8 grams and increase the amount of butter to about 200 grams. 
The patient should not lose weight during the process of becoming 
sugar-free. The sugar value amounts now to only about 50. If this 
also proves insufficient, it is advisable to introduce one or two days of 
vegetable diet; or, according to Naunyn, one day of fasting; or else one 
tries an oatmeal cure, to be discussed later. 

At this stage of the treatment a very close watch on the ketonuria 
is necessary. The formation of the ketone bodies depends, as you know, 
on the lack of combustion of carbohydrates. Ketonuria may be pro- 
duced even in the normal person by means of inanition or an exclusive 
protein and fat diet. The fact that much higher grades of ketonuria 
appear in diabetes is easily understood, since here there is also a failure 
to consume the sugar arising from the katabolism of proteins. Von 
Noorden has pointed out that diabetics may show very different degrees 
of ketonuria. Although they are on the same diet, they may show the 
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same amount of sugar in the urine and assimilate, therefore, the same 
amounts of carbohydrates. We have often observed this phenomenon 
in patients taking our test diet. We can assume with a fair degree of 
certainty that those with a higher degree of ketonuria have had it for a 
longer time. I am led to this conclusion by the fact that it is necessary 
to give more carbohydrates to suppress a ketonuria already existing 
than to prevent the occurrence of ketonuria (Satta). We ought, there- 
fore, to try either to prevent the occurrence of ketonuria or to avoid an 
increase of one that is already present. Unfortunately this is not possi- 
ble in most cases, if we wish to render the patient sugar-free. If on the 
test diet there is a marked ketonuria, and in particular a large amount 
of beta-oxybutyric acid in the urine, it is best to reduce the carbohydrates 
very gradually. The appearance of a considerable degree of ketonuria, 
however, need not cause anxiety, provided that one prevents acidosis; 
that is to say, the storing up of ketones in the body. Acidosis, once 
present, is often hard to get rid of and is dangerous under all circum- 
stances. The fundamental point in the treatment, therefore, is to hinder 
the occurrence of acidosis. This is accomplished by the administration 
of alkalies, which render the ketone bodies capable of excretion with the 
urine. We should, therefore, always give sodium bicarbonate during the 
period of withdrawal of carbohydrates. In cases with a well-marked 
ketonuria one often sees that, with the beginning of the alkaline treat- 
ment, the difference between the figures for sugar obtained by titration 
and by polarization rises immediately and remains increased for several 
days; a sign that beta-oxybutyrie acid is being flushed out of the body. 
The reaction of the urine affords an excellent sign as to whether you 
have got the better of the acidosis. If it becomes alkaline, you may be 
sure that you have neutralized the acids. In severe cases, 40 or 60 
grams or more are necessary, and in diabetic coma more than 100 grams 
are often insufficient. If a marked ketonuria is present, it is better not 
to begin with small doses, but to saturate the body with alkali at once. 
As soon as the urine has become alkaline, the dose may be gradually 
decreased, just sufficient being given to keep the urine slightly alkaline. 
We usually replace a part of the sodium bicarbonate with the citrate of 
soda. 

In cases with a high degree of acidosis, the administration of alkalies 
alone is not enough: we must endeavor to influence the formation of 


ketone bodies directly. Large doses of alcohol decrease the formation 
of ketones, but only to a slight degree. All other non-carbohydrate 
substances are either without effect or their action is dubious. The only 
efficacious substances are the carbohydrates. If, however, we give large 
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amounts of these, we increase the hyperglycemia and run the danger of 
damaging the power to combust carbohydrates, which is already defec- 


tive. On the other hand, a reduction in the carbohydrates may cause a 
fatal coma; here we are truly between Scylla and Charybdis. In these 
cases it seems to me very important to reduce the food to a low point; 
for both fat and protein cause the production of large amounts of 
ketones, as has been shown by the excellent investigations of Allard, 
from Minkowski’s clinic. The introduction of a “hunger day” in such 
cases has reduced the ketones in the urine to a third or less of what they 
were before. If, now, to the fasting patient fat or protein was given, 
the amount of oxybutyric acid rose at once 20 grams and more. It is, 
therefore, best to give a very low diet, containing from 8 to 10 grams of 
nitrogen and not more than 150 grams of fat and, in addition, 100 or 
150 grams of carbohydrates in the form of fruit, milk, oatmeal, and so 
forth. As soon as one has decreased the formation of the ketone bodies 
and has provided for their prompt excretion by means of the adminis- 
tration of alkalies, one may for a short period also decrease the amount 
of carbohydrates (by means of two or three “vegetable days,” with 50 
grams of carbohydrates), in order to produce at least a temporary de- 
crease of the hyperglycemia. Similar tendencies are seen also in the 
modern treatment of gout and acute nephritis, where we give the dis- 
eased organs time for recuperation by means of purin-free and non- 
nitrogenous diets, respectively. 

When, in spite of careful treatment, the first signs of coma appear, 
prompt action is imperative. The patient becomes sleepy, loses his 
appetite, and complains of a sense of oppression in the chest; frequently 
there is a decrease of the excretion of beta-oxybutyric acid, and showers 
of casts appear in the urine. Such patients show almost constantly a 
marked degree of lipemia, even when fasting. One can easily show this 
by centrifugalizing a small amount of blood in a U-shaped capillary 
tube; the serum then appears milky. Very large doses of alkali are 
necessary here, in order to remove the enormous amounts of acid which 
are contained in the blood and tissues; 100 grams of sodium bicarbonate 
dissolved in a large amount of an alkaline mineral water are given 
during the course of the day. The diet should be easily digestible and 
consist almost exclusively of carbohydrates; it may contain 50 to 100 
grams of levulose. If the patient is no longer able to swallow, the levu- 
lose may be given subcutaneously, dissolved in a liter of physiologic salt 
solution. The best method, however, is the intravenous infusion of a 
liter of 4 per cent. soda solution. Sometimes the patient comes out of 
the coma even during the infusion. Last spring I saw a patient who was 
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alive three months later, when I left Europe. I do not, however, know 
of any instance of recovery from a second attack of well-marked coma 
under this treatment. 

Let us now return to the treatment of those patients who have become 
sugar-free through the withdrawal of carbohydrates, with or without 
the reduction of the proteins. This is the third stage of the treatment, 
in which we are to keep the patient free from sugar, and then to deter- 
mine his tolerance and regulate his mode of living. It is advisable to 
follow Naunyn’s suggestion and keep the patient two weeks to the diet 
on which he has become free from sugar. Then, in a mild case, one 
may begin at once with the addition of bread, which may be increased 
every three or four days until the limit of tolerance is reached. Then 
you may give half the amount tolerated, introducing variety in the bill 
of fare by means of fruit, cream, vegetables richer in carbohydrates. 
various kinds of bread, and so on. 

In those severe cases, in which the reduction of the proteins is neces- 
sary to cause the disappearance of sugar from the urine, one should at 
first increase the nitrogen in the diet up to 12 or 14 grams. Afterward 
three or four weeks after the disappearance of sugar, carbohydrates may 
be added. In practice it is very important not to rely too closely on the 
amount of carbohydrates in various foods, as shown by the tables of 
equivalents. This is true of all forms of diabetes, from those which can 
not be rendered free from sugar down to the very mild ones. Different 
diabetics do not show the same degree of tolerance for different kinds of 
carbohydrates ; one must try out each form of carbohydrate in the indi- 
vidual case. In this connection, we often see that levulose is borne in 
many light cases better than glucose; for this reason fruits rich in 
levulose are much preferable to those containing grape-sugar. Under 
long continued use of levulose, however, the tolerance for sugar usually 
sinks rapidly. Furthermore, I have seen cases in which there was a 
special sensitiveness toward levulose. The same is true also of milk; a 
few diabetics will not stand milk. I have recently seen a case in which 
administration of 250 grams of milk increased the glycosuria markedly 
and for a period of days. Further, it is an interesting fact brought out 


by our investigations with various sorts of sugar that maltose always 


caused the greatest increase in the glycosuria. This agrees with the em- 
pirical fact that diabetics do not stand beer well; it is best to forbid it. 
This point, however, is of less importance in America than in Germany. 
Of the substitutes for bread, I think the most important is Luftbrot, a 
very porous gluten bread, of which a loaf the size of two fists weighs 
only 30 or 40 grams. It contains, therefore, very little carbohydrate in 
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proportion to its bulk, and is not intended to replace bread, but to serve 
as a means of getting in cheese and butter. It is well to be very cau- 
tious in the use of the various substitutes for bread. Both the public 
and the physician are often deceived by the name “diabetic bread,” and 
even by the analyses which are given on the label. I myself would not 
order any of them unless reliable analyses were at hand. Finally, I 
have to mention the special milk for diabetics which is prepared by 
many firms, and especially preserved fruits containing little sugar. 

Especial care is necessary in the treatment of those cases in which 
the withdrawal of carbohydrates and the reduction of the proteins is 
not sufficient, and the sugar disappears from the urine only after the 
introduction of “hunger days” or “oatmeal cures.” In such cases, even 
weeks after the disappearance of glycosuria, small additions of carbo- 
hydrates, or even an increase of the proteins, causes the reappearance of 
sugar in the urine. I have already called attention to the fact that here 
hyperglycemia may remain for a long time after the disappearance of 
sugar from the urine. I have seen in recent vears three such patients, 
two of whom were young people of 16 and 20 years, and the third a man 
of 35, who, when he came under my care, had not been free from 
sugar for a year. In the case of the 16-year-old boy, even an addition 
of butter to the diet caused the appearance of traces of sugar. The 
three patients had at first well-marked ketonuria, and one of them ex- 
creted 22 grams of beta-oxybutyric acid. I kept these patients over 
three months on a diet free from carbohydrates and containing only a 
small amount of protein, and then added half a Luftbrot and later pre- 
served fruits containing little sugar. Six months later thev were still 
free from sugar and able to do their work, and the ketonuria had dis- 
appeared. Such rigorous treatment demands great energy on the part 
of both patient and physician. When, however, we consider that in 
such cases with the reappearance of sugar and hyperglycemia the disease 
usually takes a rapidly downward path, and, therefore, the acquirement 
and maintenance of a condition free from sugar is a question of life and 
death, the self-denial of the patient and the labor of the physician are 
amply repaid. 

All the measures against glycosuria previously mentioned had the 
common property of reducing the sugar value in the diet. From this 
principle the following carbohydrate cures differ widely. The milk and 
potato cures I can dismiss with a few words. The first diminishes the 
glycosuria only when diabetic patients, formerly overnourished, are in- 
sufficiently nourished on strict milk diet. Indeed, in many cases, in 
spite of undernourishment, milk diet can even increase glycosuria. The 
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potato cure is considered by nearly all experienced physicians to be 
without value. On the other hand, I must go somewhat more into detail 
regarding the oatmeal cure, since it is of both theoretical and practical 
value. As you know, this treatment was recommended by von Noorden 
first at the meeting of the German scientists in Carlsbad. In an article 
shortly to appear I shall describe fifty cases, of which I have personally 
observed eight in my wards: the others Professor von Noorden has re- 
ported to me from his private practice. From all the results in these 
cases I can single out only a few important points. First, | must de- 
scribe our present method of giving the oatmeal cure. After several 
days of strict diet come two vegetable days, then three oatmeal days, and 
lastly two vegetable days. On each oatmeal day the patient receives 250 
to 300 grams of American oatmeal, prepared with an equal amount of 
butter and divided into five meals; and, in addition, black coffee, wine, a 
little brandy and, when necessary on account of diarrhea, a few drops of 
tincture of opium. Frequently when the first trial was unsuccessful, 
we have obtained good results from an immediate repetition of the oat- 
meal days following the last vegetable days. After the vegetable days 
we give strict diet with very little (diminished) protein. I may express 
the results in short as follows: In a certain proportion of the cases 
(about 10 per cent.) the success can be called really remarkable. These 
are severe cases with ketonuria which it had formerly been impossible 
to make sugar-free either by completely removing the carbohydrate 
from the diet, or by a low protein diet, or by a strictly vegetable diet. 
In these cases the sugar and ketone bodies disappeared from the urine 


during the oatmeal days or the following vegetable days, and the patient 
could subsequently be kept sugar-free. For a second group of cases the 
sugar entirely or almost wholly disappeared, but later reappeared on the 
return to a protein diet. In a third group of severe cases the glyco- 
suria remained high or even increased; nevertheless, the influence on 
the ketonuria was remarkable. Finally, we have seen a few very severe 
cases, in which there was no assimilation of the oatmeal and, therefore, 


no influence on the ketonuria. 

For a thorough understanding of the effect of the oatmeal the fol- 
lowing points must be noted: The sugar value of an oatmeal day is 
200 grams, 175 from the carbohydrate and about 25 from the protein of 
the oatmeal. The sugar value of our test diet is 125 grams, that of the 
carbohydrate-free diet only 80, that of the diet with restricted protein is 
about 50, and that of a vegetable day is still less. Therefore, if we see 
that in some cases during the preliminary vegetable days 20 or 30 grams 
of sugar are excreted daily, disappearing, however, during the oatmeal 
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days, this result is truly astonishing, and it can be readily understood 
that through the assimilation of such an enormous quantity of carbo- 


hydrate the ketonuria often diminishes from about 40 grams almost to 
nothing, and the output of ammonia becomes normal. Let us take, 
however, a case in which the average sugar output increased from 30 
grams on the vegetable days to 40 or even 60 grams on the oatmeal diet ; 
even in such cases the marked effect on the ketonuria is readily under- 
stood, for, on each vegetable day, of the entire sugar value only 20 
grams are assimilated; whereas, on each oatmeal day, from 140 to 160 
grams are assimilated. We must, then, consider as the essential result 
of the oatmeal cure the fact that we are enabled to bring about the as- 
similation of a considerable quantity of carbohydrate, and thus to dimin- 
ish the ketonuria without increasing too greatly the hyperglycemia. 
What is very remarkable in this connection is the fact that, with other 
carbohydrates similarly used, we do not get the same result. 

In my report I shall mention a case in which 30 to 40 grams of 
dextrose were excreted daily during the oatmeal cure, while on a diet 
consisting of potatoes, milk, zwieback, fruit, etc.. an average of 150 
grams of sugar appeared in the urine. In another case, a diet of wheat 
flour was given between two periods of oatmeal diet. The difference in 
the sugar excretion was almost as great as that in the case mentioned. 
The most important indication for the oatmeal cure, therefore, is the 
combating of ketonuria; and the fact that some apparently hopeless 
cases also become sugar-free is a welcome additional occurrence. . 
further indication for this cure is in cases in which the digestion is 
impaired by a too long-continued meat and fat diet. 

Some authorities have belittled the advantages of the oatmeal cure. 
Naunyn, for example, believes that the apparent good effect on the 
glycosuria is brought about by a fermentation of the greater portion of 
the oatmeal in the intestine. He uses as an argument the results of the 
investigation of his pupil, Lipitz, who found the intestinal bacteria 
increased in numbers during the oatmeal cure. This objection, however, 
does not hold. In the first place, Lipitz’s method of quantitative esti- 
mation of the bacteria is not reliable. Second, there is practically no 
clinical evidence of a pronounced intestinal fermentation— no tym- 
panites and no fermenting stools. Third, if there were much fermenta- 
tion, as Naunyn claims, the effect on the ketonuria could not be ex- 
plained, for the fermentation products of carbohydrate, since they can 
not again unite to form sugar in the body, should rather increase the 
ketonuria, as, for instance, in the form of low fatty acids. The fourth 
and most striking point is with regard to the protein metabolism. The 
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nitrogen output amounts, in successful cases, on oatmeal days, to only 
5, 4 or even 3 grams, and, indeed, is sometimes less than the so-called 
minimum nitrogen determined by Landergreen in normal individuals, 
kept for several days on a practically nitrogen-free diet, rich in carbo- 
hydrate. Such low nitrogen outputs during the oatmeal cure are possi- 
ble only when the carbohydrates are really assimilated, and not merely 
fermented in the intestine. In such cases also we find regularly an in- 
crease in body-weight of two kilos or even more in three or four days. 
The final test of our assumption is to be found in those few cases in 
which the oatmeal is not assimilated at all, as shown by the enormous 
output of sugar while on this diet, for there is no effect on the ketonuria 
and the nitrogen output amounts to 8 grams or even more daily. 

The cause of this remarkable effect of oatmeal is as yet unknown. 
That it is not the limited amount of protein in the diet is shown by the 
fact that von Noorden formerly added large amounts of vegetable pro- 
tein to the oatmeal porridge, deriving, however, good results. Further- 
more, this assumption can not explain why other carbohydrates do not 
produce the same result when given in the same way. The argument 
that the cause lies in the molecular structure of the oat starch also 
seems weak. His has seen good effects from the use of oat extracts. It 
may be true that there is an extractive substance in oatmeal which 
stimulates the internal secretions of the pancreas. 

The great variety in symptoms and severity as shown in diabetes in 
human beings demands many varieties of treatment. In all but the 
very mild cases the diabetic needs the constant supervision of his physi- 
cian. Special care, however, must be taken when we wish to make dia- 
betics with ketonuria sugar-free. The treatment of such patients in their 
homes is possible only if they are very intelligent, and it necessitates 
great firmness of character. In severe cases it is possible to make them 
sugar-free only in a hospital. Furthermore, in moderately severe cases 
a stay for a time in a hospital is advisable, particularly during any de- 
termination of the patient’s degree of tolerance. A course of the waters 
at Carlsbad, Vichy, Neuenahr, Marienbad, Tarasp and other spas is often 
remarkably beneficial. The advantage of such a course is, according to 
von Noorden, shown by the fact that during it the patient can often be 
made sugar-free or can establish a high degree of tolerance on a less 
rigorous diet. In extremely severe cases the patients should not be sent 
to these resorts, but directly to a hospital. A very important element 
in the treatment is a liberal amount of carefully regulated exercise. 
Severely affected patients, however. must avaid overexertion, which 
often increases the glycosuria markedly, and may do actual harm. 
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Obese patients with a mild diabetes can, to advantage, be carefully 
treated for their obesity at the same time by restricting the number of 
calories in the diet; but, in severe cases, it is not advisable to attempt to 
reduce the body-weight. In cases in which gout is a complication, one 
must consider carefully the purin content of the diet. 

Finally, in regard to the prognosis, the patient’s age, environment 
and circumstances, and any complications, must be considered, as well 
as the severity of the glycosuria and ketonuria. I can not now go more 
into detail regarding prognosis, except to say that the occurrence of 
diabetes in early years does not preclude a complete cure. There are 
such patients who have been made sugar-free and have remained so, and 
are able again to follow their regular occupations. In these cases it is, 
however, always to be feared that, under unfavorable circumstances, such 
as excesses, overexertion or excitement, the sugar may reappear. In this 
connection the character of the patient is very important. Moderation, 
self-control and steadfastness are essential. I regard such patients as 
cured, although the predisposition to diabetes is still present. It is only 
in the same sense that we are able to consider a tuberculous patient 


cured. 


THE PRODUCTION OF MORBID CHANGES IN THE BLOOD 
VESSELS OF THE RABBIT BY ALCOHOL * 


A PRELIMINARY REPORT 


WILLIAM DE B. MAC NIDER, M.D. 
CHAPEL HILL, N. C. 


INTRODUCTION 


The production of morbid changes in the lower animals by the use of 
drugs, various chemicals and, in some cases, by the employment of me- 
chanical devices has opened an instructive field for medical investigation. 
The general aim of such investigation has been, first, to determine 
whether definite and fairly constant pathologic changes could be pro- 
duced by the use of various agents, and, second, after this has been 
determined, to arrest or to modify these changes by the use of other 
agents of a remedial nature. 

In recent years there has been developed an extensive literature 
through the work of various investigators on experimental arterio- 
sclerosis. The contributions of Josué, Fischer, Kurt, Klotz, Miller’ and 
others have demonstrated that degenerative arterial changes follow the 
intravenous injection of adrenalin, digitalin and diphtheria toxin. 
Boinet and Romany and Klotz, using the Bacillus typhosus and strepto 
coccus, have with the same animals produced arterial changes primarily 
affecting the intima, which is greatly thickened by endothelial prolifera- 
tion. 

Klotz,? in an interesting series of experiments, in which rabbits were 
suspended by their hind legs, demonstrated a rise in arterial pressure by 
the mechanical aid of an excessive amount of blood in the aorta and 
forelegs. Five animals thus treated developed changes in the aorta, 
carotid, subclavian and brachial arteries. No changes were demon- 
strated in the control animals. It has also been shown by Klotz* that 
bacterial toxins are capable of producing changes in the intima of the 


aorta and pulmonary artery. 


*From the Laboratory of Experimental Therapeutics of the University of Chi- 
cago, S. A. Matthews, M.D., Director. 

1. Miller (J. L.): Spontaneous Arterial Degeneration in Rabbits. Jour. 
Am. Med. Assn., 1907, xlix, 1789. 

2. Klotz: Centralbl. f. allg. Path. u. Physiol., 1908, xix, 535. 

3. Klotz: Brit. Med. Jour., 1906, ii, 1767. 
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Undoubtedly spontaneous arterial disease occurs in the lower ani- 
mals, and perhaps more frequently in the rabbit, for this animal is 
peculiarly susceptible to surroundings and changes which depart from 
the normal. The occurrence of spontaneous aortic disease in rabbits has 
been demonstrated by Wells and also by Amy B. Miles.*| The probability 
that such changes are not very frequently encountered is, however, 
strengthened by the report of Pearce,’ who examined sixty-two rabbits. 
Of these, fifty were normal rabbits. Vascular lesions were found in but 
three, and in each case consisted of a few minute patches of sclerosis at 
the beginning of the aorta. In the remaining eleven animals degenera- 
tive changes were found in the aortas of four. These were animals 
that had been subjected to the action of typhoid and other sera. 

The object of the present investigation was to determine whether 
sclerotic changes could be produced in the vascular system of the rabbit 
by the use of alcohol. 


METHOD OF ADMINISTRATION, DOSAGE AND THE IMMEDIATE EFFECT OF 
ALCOHOL 


At the commencement of this series of experiments the alcohol in 30 
per cent. solution was given intravenously. By such a method of ad- 
ministration, changes, if any should develop in the vessels, could be 
logically ascribed to the direct action of the alcohol, and thus there 
would be eliminated the many modifications to which the drug is sub- 
jected before it reaches the vessels when it is introduced into the stom- 
ach. The intravenous injections were, however, rapidly followed by the 
formation of thrombi in the neighboring vessels, necessitating the drug 
being given by the stomach. For this purpose a small, soft rubber 
catheter was used. 

In each case for the first few days 25 c.c. of a 10 per cent. solution 
was given once a day. After this the quantity was increased to 50 c.c. 
and the strength of the solution to 20 per cent. 

The immediate effect of the alcoho! was greatly enhanced by this 
method of administration, the excitement being marked. In all the ani- 
mals the respirations and heart were markedly accelerated. This condi- 
tion usually lasted about an hour. Then the animal would become 
drowsy. At this stage voluntary movements were slow and al] muscular 
acts imperfectly coordinated. Following an hour or more of drowsiness 
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the animals would usually fall asleep for two to six hours. Their return 
to the normal was gradual, the effect of the alcohol lasting on an aver- 
age of twelve hours. 


GROSS AND MICROSCOPIC CHANGES PRODUCED IN THE VESSELS OF ANIMALS 
SUBJECTED TO THE ACTION OF ALCOHOL 


In the following observations the aorta was the vessel selected for 
study in determining the presence or absence of sclerosis. The agents 
used were Zenker’s fluid, hematoxylin and eosin: 

Experiment 1.—The subject received 50 cc. of 20 per cent. alcohol for 
thirty-four days. The aorta at its origin and for a distance of 1 ¢.c. was visibly 
thickened. Just at its commencement and situated so as to encroach on 
one of the coronary openings there was a nodule the size of a_pin-head. 
The microscopic examination of the tissue taken from the thickened portion of 
the arch showed very clearly, when compared with sections of the thoracic por- 
tion of the aorta, a thickening of both the inner and middle coats of 
the vessel. This change in the internal coat was due to a proliferation of the 
connective-tissue cells in the subendothelial layers. In the media small round 
cells and fibroblasts were numerous between the muscle bundles. The muscular 
element was not degenerative. There had been no transition of the connective- 
tissue cells into true fibrous tissue. The change was an early one and apparently 
as extensive in one coat as in the other. The nodule referred to was situated in 
the intima and was formed principally of elongated cells, which stained poorly 
and had undergone a granular, non-fatty degeneration. There were no adjacent 
changes in the media. 

Experiment 2.—The subject received 50 c.c. of 20 per cent. alcohol for forty 
days. The aorta showed no evidence of atheromatous changes. Sections through 
the vessel at various levels showed no evidence of disease. 

Experiment 3.—The subject received 50 c.c. of 20 per cent. alcohol for 40 days. 
The thoracic aorta was the seat of a clearly defined atheromatous ulcer. Else- 
where the vessel was normal. The ulcer in the thoracic involved both the intima 
and media. Its floor was formed by the adventitia, and consisted of young con- 
nective tissue in the cellular and fibrous stages. Calcification was not present. 

Experiment 4.—The subject received 50 ¢.c. of 20 per cent. alcohol for thirty 
days. The aorta was normal in structure. 

Experiment 5.—The subject received 50 ¢.c. of 20 per cent. alcohol for twenty 
days. The animal was accidentally killed. The aorta presented no evidence of 
disease. 

Experiment 6.—The subject received 50 ¢.c. of 20 per cent. aleohol for forty- 
two days. The aortic valves were thickened, and felt rough. The aorta showed 
two calcareous patches, one in the arch and one in the thoracic portion. There 
was a diffuse thickening of the inner and middle coats, the histologic appearance 
bearing a close resemblance to the changes seen in the aorta of the first animal. 
The areas of calcification occupied chiefly the intima, but extended also to the 
media, having ruptured the inner elastic lamina. Here it may be interesting to 
note that the hyperplastic changes which have been demonstrated in the inner 
coats of the aorta were not preceded by localized degeneration and weakening of 
the middle coat. The changes in the vessel were usually of a diffuse character 
There was evidently no pronounced localization in the action of the substance or 
substances which induced changes in the vascular system from the continuous use 
of alcohol. 
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Experiment 7.—The subject received 50 ¢.c. of 20 per cent. alcohol for fifty 
days. The aorta showed an atheromatous ulcer 1 cm, from the aortic ring and a 
small warty growth on one of the aortic valves. The ulcer involved the intima 
and a portion of the media. The amount of cell infiltration in the media was 
less than in preceding cases. 

Experiment 8.—The subject received 50 c.c. of 20 per cent. alcohol for forty- 
four days. There were no changes in the intima. Sections through the aorta at 
various levels frequently showed in the middle coat, between the muscle bundles, 
collections of small round cells. Other than this there was no evidence of con- 
nective-tissue overgrowth. 

Experiment 9.—The subject received 50 c.c. of 20 per cent. alcohol for thirty- 
three days. The upper portion of the aorta showed several areas that were visibly 
and palpably thicker than the surrounding vessel. Sections through these areas 
showed the thickening to be due to a proliferation of the subendothelial connective 
tissue. The cells and nuclei stained well. There was no evidence from the stain- 
ing reaction or from the size of the cells or their nuclei that the degenerative 
changes existed. 

Experiment 10.—The subject received 50 c.c. of 20 per cent. alcohol for twenty- 
four days. The aorta was normal. 

Experiment 11.—The subject received 50 c.c. of 20 per cent. alcohol for fifty 
days. The aorta showed a patch of thickening behind one of the semilunar valves 
and in the thoracic aorta there were several deep ulcers. Opposite the larger of 
the ulcers the vessel was bulged (early aneurism formation). This area measured 
1 em. in its longest diameter. The floors of the smaller ulcers, which were not so 
deep as the larger one, were found in the middle coat. The floors did not consist 
of the histologic elements of the media, but of young connective tissue fibers and 
spindle-shaped cells. This reparative fibrosis lessened as sections away from the 
ulcer were examined. It did not come to a clear-cut termination, but the marked 
localized connective tissue overgrowth existed to a less degree in a general thick- 
ening of the middle coat at some distance from the ulcers. 

Experiment 12.—The subject received 50 c.c. of 20 per cent. aleohol for fifty- 
four days. The aorta was the seat of several areas of nodular sclerosis, the 
nodules being to a great extent contined to the intima, while the media presented 
the usual diffuse connective-tissue hyperplasia. 

Experiment 13.—The subject received 50 c¢.c. of 20 per cent. alcohol for fifty- 
four days. There was diffuse cell infiltration of the middle coat. 


A STUDY OF THLE AORTAS OF PRESUMABLY NORMAL ANIMALS 


The animals used as controls were all full grown; eight of the num- 
ber were old. The aortas of the sixteen control animals were examined 
in the same way as the vessels of those animals subjected to the action 
of alcohol. 

The following is a summary of the changes found: 

In thirteen of the animals the aorta was free from both general and 
localized thickening. In the three remaining animals the vascular 
changes were as follows: In one aorta there was a sclerotic nodule in 
the arch; in the two remaining vessels atheromatous ulcers were found 
in the thoracic aorta. There was an absence of diffuse thickening, espe- 


cially in the media. This observation naturally suggests that the etio- 
logic factor in the development of the vascular changes in the control 
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animals was of a localized nature. The frequency with which diffuse 
changes are seen in the vessels of the alcoholic animals suggests some 
diffusely acting agent. 


PRELIMINARY DEDUCTIONS 


The number of animals used in these experiments is too small to 
permit the formulation of any permanent conclusions from the results. 
Definite sclerotic changes developed in the aorta in a decided majority 
of the animals that were subjected to the action of alcohol. Such was 
the case in nine of the thirteen animals used. These changes varied in 
intensity from a small round-cell infiltration of the media to the pro- 
duction of an atheromatous ulcer 1 cm. in its longest diameter. The 
most constant change was a diffuse thickening of the media. Similar 
changes were present in the vessels of relatively few normal animals. 
The changes which were present were localized and were not nearly so 
extensive as those seen in the vessels of the alcohol animals, even though 
the control animals were old, the other animals not being full grown. 

A continued study of this subject will consist in the following meas- 
ures: First, an attempt will be made to demonstrate morbid changes in 
the vessels of a larger series of animals. Second, if it can be definitely 
proved that such changes are produced fairly constantly by the use of 
alcohol, an endeavor will be made to determine whether the alcohol per 
se is capable of causing such results, or whether the changes arise indi- 
rectly by the action of alcohol inhibiting the activity of the various di- 
gestive enzymes and predisposing to or directly leading to some type of 
autointoxication. 


BOOK REVIEW 


PULMONARY TUBERCULOSIS AND ALL COMPLICATIONS. By SHERMAN 
G. Bonney, M.D., Professor of Medicine, Denver and Gross College of Medi- 
cine, Denver. Philadelphia and London: W. B. Saunders Company, 1908. 
Cloth, $7.00 net; half morocco, $8.50 net. 

In the struggle against tuberculosis there are many indications that 
the lay public is getting enlightened more rapidly than the profession, 
and the one reason for this is probably the fact that a comprehensive 
book, dealing with all phases of the subject, was not accessible in English. 
Dr. Bonney has changed this state of affairs very much, for although 
he says in the preface that the work was not intended to be exhaustive, 
it is so nearly so that the title is somewhat misleading, and the descrip- 
tions of the localizations of tuberculosis outside of the lung are in many 
cases adequate for other than “complications” of pulmonary tuberculosis. 
The general plan is a good one and is well carried out. Historical re- 
view, biologic features of the bacillus tuberculosis, methods of infection, 
clinical phenomena, diagnosis and treatment, are all discussed in a man- 
ner that is almost always satisfactory, and never leaves out anything of 
importance. As examples of the author’s views, already known to many 
readers, his opinion of the routes of infection is that both respiratory 
and digestive channels are involved according to opportunity, the former 
less frequently, the latter more, than has been believed; he is not en- 
thusiastic regarding the diagnostic use of tuberculin, but his method of 
using it, and his interpretation of the results, are not like those of most 
others who have a different opinion; his experience with infection from 
aspiration of the pleural cavity seems rather more unfortunate than 
that of many others. For examples of excellent work one may point to 
the section on physical diagnosis, full of sound knowledge and a large 
experience well digested; or to that on prognosis; but many others are 
equally satisfactory and all deserve careful study. The book is profusely 
illustrated and most of the illustrations are very good. Some of the 
many roentgenograms, however, have suffered from the reproduction. 
The illustrations of hands are good, but seem less instructive than pho- 
tographs. Most of the numerous case reports are instructive and well 
condensed, but one may question whether all the professional connections 
are essential. The chapters on the arrangement and location of institu- 
tions on “What the Public Should Know,” the scope of sanatoria, climate 
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and treatment are all admirable, the remarks on treatment showing how 
one can be a wise therapeutist and still have certain doubts as to the 
finality of even the latest methods. In a book with so much in it it 
would be extraordinary to find no errors. Serious ones we have not 
found, but it should be pointed out that the principle of staining the 
tubercle bacillus is not, necessarily, to employ carbol fuchsin, but a basic 
dye. The language used is in general superior, not rarely suggesting 
Gibbon or Johnson. This makes all the more striking such an expres- 
sion as “the la grippe influence” (p. 99). The author has good examples 
for translating “perl” into French, but the mongrel “perle disease” 
(p. 29) seems unnecessary. Sir Michael Foster hardly needs the repor- 
torial predicate “renowned.” Some of the proper names have suf- 
fered at the hands of the proof-reader; “Silician” for “Silesian” (p. 625) 
may be mentioned. On the whole, the volume is an important addition 
to medical literature, and a timely one, and a wide reading and study of 
it should add much to the organized combat against tuberculosis. The 
publisher has done his work well. 


SARCOSPORIDIOSIS 
WITH REPORT OF A CASE IN MAN 


SAMUEL T. DARLING, M.D. 
ANCON, CANAL ZONE 


INTRODUCTION 


The members of the class sporozoa, known as sarcosporidia, while 


commonly found in several of the domestic animals, are very rarely en- 


countered in man; so rarely, indeed, that from a search through the lit- 
erature available here in Panama it would seem that this report of the 
presence of Sarcocystis sp. inc. in the striated muscle fibers of man is 
the third positive one in the literature. The case presented here is of 
additional interest because of the fact that the parasites were discovered 
in their living host and removed on two occasions, that they disappeared 
from the tissues within a period of four months, and that the host is 
living and well and still under observation. 

Sarcosporidia are oval, cylindrical or fusiform bodies found either 
within or between the striated muscle fibers of various representatives of 
mammalia and reptilia. They may be extremely small and micro- 
scopic or as long as a muscle fiber and quite visible to the naked eye. 
They have various breadths. The smaller forms are generally found 
within the muscle fibers, while the larger forms may distend the muscle 
fibers to several times their normal diameter. Smaller and larger forms 
are found at times outside the muscle fibers in the connective tissue 
spaces of the endomysium. In these locations the sporozoa may grow to 
considerable size. The youngest sarcosporidia observed of the species 
Sarcocystis muris are 15 microns in diameter and consist of a collection 
of small spherical bodies, each having a central nucleus. The collection 
of spherical bodies or this polynucleated body is enclosed within a thin 
refractile capsule. The sporozoén increases in size by a multiplication 
of its nuclei; vesicular cells (sporoblasts) are formed, which are ar- 
ranged in groups or chambers. By a final division of the nuclei of these 
sporoblasts in the chambers, oval, crescent or hbanana-shaped sporozoites 
are formed. The sporozoites contain each a nucleus, chromatoid granules, 
a few minute vacuoles and, according to some observers, a polar capsule 
and a polar filament. In Sarcocystis muris the chromatoid granules are 
frequently heaped up in one end of the sporozoites and might easily be 
called polar capsules. Mature sporozoites recently removed from their 
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host and suspended in saline solution at room temperature, 74 to 86 
degrees F., are seen to have a peculiar slow motion along the line of 
their projected curvature and also around their long axis—a very slow, 
interrupted, gyratory and spiral motion, which has been well described 
by Theobald Smith. Flagella could not be demonstrated by the intra 
rifam gentian violet or methylene blue staining methods, which usually 
bring out the cilia and flagella of protozoa beautifully. 


HISTORICAL 

The discovery of sporozoa, parasitic in striated muscle, was made by 
Miescher? in 1843, who described milk-white filaments in the striated 
muscles of domestic mice. The filaments were visible to the naked eve 
and ran parallel with the muscle fibers; they were cylindrical tubes, con- 
taining innumerable elongated or kidney-shaped and a smaller number 
of globular forms. This observation of Miescher was verified by 
Hessling.* who found “Miescher’s tubes” in the striated muscle of deer, 
cattle and sheep. G. Rainey* in 1858 published an account of the devel- 
opment of what he believed to be Cysticercus cellulosa in the muscles of 
the pig; what Rainey really described was the Miescher tubes of the 
sarcosporidial disease of pigs. Rainey’s error was corrected by Leuckart* o] 
in 1863. Soon after this Manz* attempted the infection of guinea-pigs, 
rats and mice by the parasites which he found in rabbits. 

Braun® mentions that sarcosporidia had been found in domestic 
fowl by J. Kuhn’ in 1865. Rivolta, Rilev, Belagér, Leidy and Barrows 
observed the parasitisra of sarcosporidia in birds. Three sarcosporidia 
found in ducks and a grosbeak were described by Stiles* in 1893. 

According to Wasielewski,® sarcosporidia have been found in the 
muscle fibers of Bos taurus, Bos bubalus, Canis familiaris, Capra hircus, 


Cervus capreolus, Cervus elaphus, Equus caballus, Felis domestica, } 
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Homo sapiens, Inuus species ape, Lepus cuniculus, Lepus timidus, Ma- 
cropus penicillatus, Mus musculus, Mus rattus, Otaria californica, Ovis 
aries, Sus domestica, Sus larvatus, Sus scrofa, Anas boschas, Corvus sp. 
inc., Gallus, Habia ludoviciana. Parula pidiaymi, Spatula clypeata, Tur- 
dus merula, and Platydactylus facetanus. 

Representatives of the sporozoa exhibit particular host relationships. 
They are peculiarly specialized parasites and select their hosts on ae- 
count of affinities unknown to us. On this account the parasitism of 
certain species of sarcosporidia may be limited to particular hosts, or 
the phases of development and the morphology of a species may become 
so altered in an unusual host that the parasite could not be specifically 
identified. The natural mode of infection by sarcosporidia is unknown. 
Kasparek’® was unsuccessful in his attempt to infect white mice and 
guinea-pigs with the sarcosporidia of sheep. Theobald Smith."' in a 
series of convincing experiments, demonstrated that gray and white 
mice might become infected with Sarcocystis muris by eating flesh from 
infected mice containing ripe mobile sporozoites. The muscle fibers 
became invaded so as to be recognized after the forty-fifth day. The 
ripened sporozodn in the mouse was found two and one-half to three 
months after the date of feeding. In rats I have noticed that invaded 
muscle fibers and the perimysium and endomysium showed no changes 
referable to the sarcosporidial infection. Muscle cells containing young 
parasites stained exactly like unaffected fibers near by. The life of the 
parasite within the tissues of the rat is undoubtedly a long one; the 
sporozodn slowly increases in size, ultimately outgrows in breadth the 
muscle fiber and may die within its host and be removed by phagocytes. 
Negri’* has recently infected guinea-pigs by feeding them with the flesh 
of rats infected with Sarcocystis muris. 

In Braun’s opinion, there have been two undoubted cases of infection 
in man by sarcosporidia. The first case was reported by Kartulis.?* who 
observed Miescher’s cylinders of various sizes in the liver (?) and in 
the muscular system, but not in the fibers, of a Soudanese who had suc- 
cumbed to multiple abscesses of the liver and abdominal muscles. 
Doflein"’ regards this case as doubtful. There can be no doubt, however. 
about the case reported by Baraban and St. Remy'* in 1894. These 
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observers found sarcosporidia distending the muscle fibers to four times 
their normal thickness in the laryngeal muscles of a man who had been 
executed by hanging. The sporozoén was 1.6 mm. long and 0.17 mm. 
thick with a thin capsule. The spores were banana-shaped and were 
8 to 9 microns long. All individuals were in the same stage of develop- 
ment and the sporoblasts developed in room systems. Lindemann’® in 
1868 described some brownish masses found on the heart valves and in 
the myocardium of a person who had died of dropsy. The bodies were 
3 mm. in length and 1.5 mm. in breadth and were regarded by Linde- 
mann as gregarines. Rosenberg’? found numerous small encysted re- 
fractile bodies in a papillary muscle of the mitral valve. The cyst was 
5 by 2 mm. and contained no hooklets. The exact nature of the bodies 
in these two latter cases was never determined. 

It is remarkable the sarcosporidia infections are not more common in 
man, especially when we recall the high percentage of infected domestic 
animals—sheep, 95 per cent., and pigs, 98.5 per cent. It must be borne 
in mind, however, that several of the species of sarcocystis are extremely 
minute, and that, as Theobald Smith says, “the muscular system in 
man is not subjected to that scrutiny which the viscera undergo in 
pathologie inquiries, and that sarcosporidia may be present and yet not 
he recognized.” Sarcosporidia may be overlooked very easily by careful 
observers, probably on account of their resemblance to tendon, nerves 
and streaks of fascia. In a recent account'* of the pathologic condi- 
tions found in plague rats in San Francisco no mention was made of 
the presence of sarcosporidia in the rats examined, although they must 
have been present in some of the 50,000 rats examined during the four 
months. 

REPORT OF A CASE IN MAN 

Patient.—J. H., negro, aged 20, native of Grace Church Parish, Barbados, ar- 
rived on the Isthmus of Panama, Jan, 10, 1908, and went immediately from Coion to 
Gatun,” remaining there one and a half days; thence to Empire,” where he rented 
2 room from his brother and took some of his meals with the latter. Most of his 
food was obtained from the commission camp at Lirio.” His meals on Sunday 
were taken with his brother. The diet was bread and tea, canned fish boiled with 


vegetables, pigstail boiled with rice, fowl fried or stewed. All food was cooked 
15. Baraban and St. Remy: Compt. rend. Soe, biol., Paris, 1894, x, 201. 
16. Lindemann: Ueber der hygienischen Bedentung der Gregarinen. Deutsch. 


Ztschr. f. Staatsarzniekunde, 1868, 

17. Rosenberg: Ein Beftund von Psorosp. in Herzmuskel des Menschen. Ztschr. 
f. Hyg., 1892, xli, Page 433, 

1S. MeCoy (G. W.): Pathological conditions found in rats—Observations 
based upon examinaation of 50,000 rats in the laboratory of the Public Health 
and Marine Hospital Service, San Francisco, Calif. Pub. Health Rep., 1908, 


xviii, No, 39 


SAMUEL T. DARLING 187 


except mangoes and other fruit. Drinking water used at this time by the patient 
was that from the municipal supply. At one period the patient was employed as 
a track-layer in the canal prism and drank any water at hand. Some time before 
his present illness he was admitted to Culebra” hospital with fever (slight at- 
tack) and discharged after two and a half days. About May 15 the patient went 
to work for the Panama Railroad, living in a car, dieting himself, drinking water 
wherever he might be, using “spring” water or that from the municipal taps be 
tween La Cascadas” and Tabernilla.” 

Iliness.—This began about June 10 with fever, slight headache and stiffness of 
the muscles and joints. The patient was admitted to Ancon’® Hospital June 10, 
complaining of fever, pain in body, vomiting and headache. On examination, ais 
abdomen, liver and spleen were found to be negative; there was some blowing 
breathing in the right base posteriorly. The following day he complained of paia 
in his joints. 

Clinical Findings (by weeks).—First week (June 12-18): Temperature irregu- 
larly continuous, 100 to 103.5. Blood culture sterile: June 17, bile glycerin media ; 
probably an insufficient amount of blood was collected, the patient being delirious, 
Widal test, June 16, negative. Leucocytes, June 12, 5,400; June 15, 9,800; June 
17, 16,000. Pain in joints. Patient constipated. 

Second week (June 19-25): Temperature irregularly continuous, 99.8 to 
102.5. Patient delirious, noisy and restless; slept very little. Pain in back. Pa- 
tient complained of “cutting” in the bowels. Three Widal tests, June 20, 22 and 
24, negative. 

Third week (June 26-July 2): Temperature irregularly continuous, 98.8 to 
101.3. Patient delirious and noisy; constipated. Stool negative for tubercle 
bacillus. Widal test, June 26, negative. Leucocytes, June 26, 15,600.  Differ- 
ential count: Polymorphonuclears, 55 per cent.; small mononuclears, 25 per 
cent.; large mononuclears, 14 per cent.; transitionals, 6 per cent. 

Fourth week (July 4-9): Temperature remittent, 98 to 101.5 first three days, 
later becoming continuous, 99 to 100. Patient complained of cramps in abdomen, 
pain in right side; constipated. Widal test, negative. Red blood corpuscles, 5, 
336,000. Ocular tuberculin reaction, negative. Piece of tissue removed from right 
arm for diagnosis, to be examined for trichina at request of Dr. Bates. Widal 
test, July 4, negative; July 9, positive. Urine: Phosphaturia present, diazo re 
action positive. Stool, negative. Emaciation present; no muscle tenderness. 

Fifth week (July 10-15): Temperature slightly remittent, 98 to 100. Widal 
test, July 10, positive; July 13, negative, suspicious. Patient propped up in bed. 
Piece of tissue removed from right arm for examination. 

Sixth week (June 17-23): Temperature, 98 to 100.5. 

Seventh week (July 24-30): Temperature, 98 to 100. Leucocytes, July 25, 
12,100. Differential count: Polymorphonuclears, 58.5 per cent. ; large mononu 
clears, 11 per cent.; small mononuclears, 25 per cent.; eosinophiles, 3 per cent.; 
transitionals, 1.5 per cent.; mast cells, 1 per cent. 

Eighth to twelfth week (July 3l-Aug. 31): Temperature normal. Patient 
gaining in flesh and strength. August 6, leucocytes, 8,500; red blood corpuscles, 
5,216,000. Differential count: Polymorphonuclears, 39 per cent.; large mononu 
clears, 8.5 per cent.; small mononuclears, 42.5 per cent.; intermediate mononu- 
clears, 4.5 per cent.; transitionals, 2.5 per cent.; eosinophiles, 2.5 per cent.; mast 
cells, 0.5 per cent. 

On the patient’s recovery and discharge from the hospital he was given em- 
ployment at the laboratory, where he could be kept under observation. It was 
noticed that his vision was defective, and on September 2 he was referred to Dr. 
Lyster for examination, who reported as follows: 
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Retinoscope: + 1.50 right; + 1.50 left. Vision: Right, 20/100; left, 20/100. 
Right eye: One vein tortuous, nerve small but distinct, arteries smaller than 
normal. Left eye: Nerve outline lost, lower half of retina atrophic, veins inter- 
rupted by blank spaces, arteries very small, veins full and tortuous. 

Or September 24 he complained of a “cutting” in the bowels. The stools at 
this time contained no typhoid bacilli. There was some mucus, pus cells, numer- 
ous yeast cells and a few trichomonas signets. 

October 1: The patient had improved in health and appeared normal. 

Histologic Examination.—Tissue from left biceps, obtained July 3: A smail 
piece (about 4 mm.) of the left biceps was removed under cocain, fixed in Zenker’s 
solution and paraflin sections were stained with eosin and hematoxylin. There was 
some distortion of the fibers, probably due to the removal of such a small bit of 
tissue. Here and there were oval or round dotted bodies about the width of a 
striated muscle fiber, their length being about twice that. The muscle fiber was not 
distended by the presence of the dotted body. One oval body measured 0.084 mm. 
in length and 0.027 mm. in width. One of the bodies in cross section was circular 
and was 0.021 mm. in diameter. The oval or round bodies were strongly con- 
trasted from the eosin-staining muscle fiber by the very pronounced blue stippling 
of the former. This stippling was seen under the high power to be due to the 
nuclei of small oval sporozoites, In this section there was some hyaline change 
in the muscle fibers, both in the infected and the non-infected fibers. Occasionally 
within the capillaries near one of the oval bodies there was a slight increase in 
the number of polymorphonuclear leucocytes and there were a few foci of acute 
myositis involving a single fiber. Some of the specimens showed a cross-section 
of the sporozojn, in which it was seen that the latter was just within the sar- 
colemma. No matter how wrinkled or distorted the muscle fiber might be, the 
sporozoén, with its very thin refractile membrane, was seen to preserve its cir- 
cular or oval outline. Under the highest powers the sporozojn was seen to be 
made up of hundreds of little oval vesicular bodies having a round nucleus at one 
end. The sporozoite took the eosin irregularly and appeared to be vacuolated. 
The little sporozoites were decidedly vesicular and were either round or oval. All 
had one nucleus and very rarely two nuclei placed at opposite ends of the short 
axis of the sporozoite. The sporozoites were closely packed within the mother 
capsule or membrane, yet without any arrangement suggesting a room system. 
The measurement of sporozoites in the section was: length 4.25 microns, width 
1.75 microns. 

Tissue from rigit arm, obtained July 13: Ten days after the first examina- 
tion another small piece of muscle was removed, this time from the opposite arm. 
The muscle fibers were pale and apparently edematous and turbid. There were 
no gross evidences of sarcosporidia. This section showed an extensive destruc- 
tion of the muscle fibers and a slight invasion of the same by the sarcosporidia. 
The destruction of muscle fibers amounted in different fibers from 50 to 75 per 
cent. of the whole number. The degenerated fibers stained faintly with eosin and 
consisted of a fine granular material resembling coagulated serum. The degener- 
ative process appeared to start oftenest in the center of a fiber, extending con- 
centrically or eecentrically toward the periphery. The sarcolemma remained in- 
tact. In some of the fibers, where foci of necrosis had appeared, there were some 
large round and oval bodies resembling phagocytes, their nuclei alone being 
visible; the cytoplasm remaining hidden, Occasionally a channel had been cut 
into the center of the fiber by polymorphonuclear and mononuclear phagocytes. 
In places the muscle had undergone a hyaline liquefactive necrosis, which began 
in that part of the fiber just beneath the sarcolemma. In other places the de- 
generation of the fiber occurred by a process of fragmentation of the individual 
musele into fibrillar blocks. The necrosis and myositis were greatly out of pro- 


/ 
: 
SAMUEL T,. DARLING 189 
portion to the number of sporozoa present. Some of the muscle fibers had been 
replaced completely by plugs of polymorphonuclear and mononuclear cells, but in i 
these fibers or within these areas no sporozoa could be detected. In this section 
the sporozoa were apparently of two ages: (a) very few small younger bodies 
crowded with hematoxylin-staining sporozoites; (b) older amebiform (in cross- I 
section) sporozoa within a muscle fiber which had lost its cytoplasm. These 
latter did not contain so many sporozoites; some had escaped and lay just with- | 
out the membrane of the sporozojn and within the sarcolemma of the muscle i 
fiber. These sporozoites were elongated, sickle-shaped and nucleated, with eosin- i 


staining cytoplasm. 
Tissue from right biceps, obtained July 13: A piece of tissue was macerated ; 
in sterile saline solution at room temperature for fifteen days for further possi- 1 
ble development of sporozoites. Sections of this tissue did not stain well and 1 
there was no further developmental change in the sporozoin or its sporozoites. j 


Examination of teased fresh tissue from the right biceps and from tissue in- 
cubated for fifteen days in sterile saline solution showed numerous oval slightly 
refractile sporozoites with eccentrically placed nuclei. Stained with Leishman’s 
or Hasting’s stain the sporozoites appeared larger than in sections, but their y 


morphology was the same. 

Tissue from right biceps, obtained November 8: Muscle taken after the pa- 
tient had been at work in the laboratory for several weeks. The arm was plump 
and the subcutaneous fat was increased in amount. The muscle fibers, however, 
‘ were rather pale and not of the normal color. Many sections from this tissue 
were examined but no parasites could be found. Here and there were collections 
of large and small connective-tissue cells in the endomysial spaces, probably repre- 
senting the areas of necrosis noted on the previous examination, Quite a number 
of muscle fibers still showed hyaline necrotic spots either in their interiors or on 
the periphery of the fibers beneath the sarcolemma. These areas were met singly 
or in collections of three or four fibers. 


INCIDENCE OF SARCOCYSTIS MURIS IN PANAMA 


For the purpose of comparative study, an examination of some of 

: the rats and mice and other animals caught near the city of Panama 
during the months of September and October, 1908, has been maie.*" 

Bats, lizards, calves and mice (Mus musculus) have failed to reveal an 
infection either to gross or microscopic examination. Nearly 2,000 rats 
have been examined. It was noticed early in the course of examination 
that the immature rats were not visibly infected. In some instances 


house infections were noticed; cages of rats caught in one house would 
contain three or four infected rats, while several other cages from other 
. localities, containing 30 or 40 rats, would have no infected animal. 

Of 131 adult rats examined grossly, 15, or 11.4 per cent., were in- 
fected. Of 89 young and half-grown rats, none was found to be in- 
fected grossly. Of 28 adult rats (Mus rattus) examined grossly, 2. or 
3.5 per cent., were infected. Of 65 adult rats (Mus decumanus) exam- 


20. The biceps and diaphragm of the patients coming to autopsy are being ex 
amined microscopically for the presence of sarcosporidia, but none has been found 
in twenty-five cadavers. 
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ined grossly, 7, or 10.7 per cent., were infected. Of 324 rats of both spe- 
cies and all ages examined grossly, 22, or 6.7 per cent., were infected. 
Of 26 rats which apparently were not infected, 2 showed young sarco- 
sporidia on microscopic examination. These were about the diameter 
of a muscle fiber or smaller, but, as they were located in the center of 
the fiber surrounded by muscle substance and were so minute (24 
microns in diameter), they were not visible to the naked eye. Fetal 


rats and those newly born were not infected to gross examination. 


Size of Ripe < Sporozoite. 
Parasites. = 
@ 
Width Length Width Length 
mim. mim. - = > mim. mm. 
Sarcocystis muris. . . Wes 13 Yes Yes.) No. .006 O12 
Mus decumanus, rattus. 
Mus musculus. 
Sarcocystis miescheriana.. 3 .005- 006) Yes.) Yes. ? 
Swine, 985 per cent. 
Sarcocystis bertrami. . 9. -10. 006 Yes. Yes. ? ? 
Horse. 
Sarcocystis tenella. . . }.04-20 005 | Yes.| Yes.) ? ? 
Sheep, 98 per cent. 
Sarcocystis blanchardi. ..  ? ? ? Yes.| ? ? ? 
Cattle and buffalo. 
Sarcocgstishueti . . 3-4. ? Yes. ? 
Seadog. 
Sarcocystis platydactyli. 42.) ? ? Yes.) ? |.001 | .008-.004 
Sarcocystis muris. . . .08 1 | No. 
From guinea-pig (Negri). 
Sarcocystis lindemanni.. . 17 | 16 ? Yes. No.4  008-.009 
Man (Baraban and St. 
Remy). 
Sar ocystis sp.ine.. . . 027, O84 ? No. No. | 00175, .00425 


Writer's case. 


* Fresh specimen, 
+ Striated according to Dofleia. 


The mature sarcosporidia in rats are visible as white streaks in the 
musele fibers running parallel with them; their ends are attenuated and 
are easily seen unless deep in the fibers, but are no doubt often regarded 
as fascia or tendon and their real significance overlooked. Among some 
of the older rats the mature parasites will be seen to extend nearly the 
entire length of the muscle fiber. Several parasites in the recent state 
were measured and found to be 12 to 14 mm. in length and 0.2 mm. in 


width. One sporozodn in a section of muscle was 1.088 mm. long and 
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} Fig. 1.—NSarcocystis sp. hominis. Ob- Fig. 2.—Sarcocystis sp. hominis. Sec 
’ lique section of left biceps. Diameter of tion of left biceps. Length of sporozodn, 
sporozoén, 0.045 mm. 0.068 mm.; width, 0.021 mm, 


= 


Fig. 3.—Sarcocystis sp. hominis. X 1,000. Section of right biceps ten days 
later than Figs. 1, and 2, showing sporozodn, ameboid in cross-section, occupying 
degenerated muscle fiber with leucocytosis, necrosis, myositis and phagocytosis. 
Some of the sporozoites have escaped from the sporozoén. 
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| Fig. 4.—Sarcocystis sp. hominis, & 4.000 Sporozoites from section of left 
biceps, showing earlier oval form. One of the sporozoites has two nuclei at op ‘ 
| posite ends of the short axis. 


Fig. 5.—Sarcocystis sp. hominis, Sporoz ites from section of right biceps 


taken ten days later than Fig. 4. The sporozoites have become attenuated and 
less vesicular; their nuclei elongate, and their cytoplasm shows an affinity for 


eosin. 


Fig. 6.—Sarcocystis muris. Smear from ripe parasites taken from Mus de 
cumanus (Hastings’ stain), showing chromatoid granules suggesting a polar 
capsule, nucleus and polar vacuoles, Length, 0.012) mm.; width, 0.006 mm.; 


diameter of nucleus, 0.004 mm. 
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0.16 mm. wide. The sporozoa are tough, and with moderate care may 
be torn out of the muscle fibers in teasing without breaking their con- 
tinuity. Although the capsule of a sarcocystis is thin, the parasite is 
very resistant to pressure and, on crushing it with a cover-slip, it is seen 
that the sporoblasts are arranged in spherical collections or room sys- 
tems. The older rats, as stated above, are more often infected than the 
younger ones. A moderate infection is one in which twenty to forty 
parasites may be seen in the superficial fibers of the animal. One rat 
(Mus decumanus) caught recently presented an extraordinary appear 
ance, for each muscle had been largely replaced by parasites. The color 
of the muscle was reddish yellow and it was marked out by thousands of 
white lines or stripes running parallel to the entire length of each mus- 
cle. The rat was plump and well nourished, as all the infected rats were, 
and from a comparative observation made on the habits of caged wild 
rats he must have been a king of cannibals—a sort of “O, I am the 
cook, and the captain bold, and the mate of the Nancy brig.” 

The descriptions and measurements of the various species of sarco 
eystis in the literature at hand are incomplete, so that it is impossib) 
to tabulate synoptically the different species for the purpose of accurate 
analysis or classification, but the accompanying table gives one an idea 
as to some of the characters of members of this genus. 


SUMMARY 


This case is one of sarcosporidiosis occurring in a negro who passed 
through an attack of typhoid fever in which there was associated as a 
complication necrosis and myositis of some of the striated mus ‘les. 

Sarcosporidiosis in man is probably an extremely rare condition and 
no doubt represents a chance infection by one of the sarcosporidia whose 
normal or customary habitat is some one of the domestic animals or still 
lower order of life. The sporozoa have disappeared from the muscle 
fibers of the patient; this was probably taking place July 13, when it 
was observed that the sporozoites were escaping from their capsule. 

The sporozoén differs in several ways from the one described by 
Baraban and St. Remy. The latter is larger. It distends the fibers and 
its cuticle is striated. The sporozoite is longer. The sporozodn de- 
scribed here, however, is smaller and does not distend the fiber; its 
cuticle is not striated and the sporozoite is very small. The parasite 
described here is apparently abortive and does not develop room sys 
tems such as are figured in the case of Baraban and St. Remy. Nothing 


is known about the natural mode of infection, though from the experi- 
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ments of Theobald Smith and Negri it is most likely through the gastro- 
intestinal tract. 

Sarcosporidial infections appear to give rise to little or no discom- 
fort. 

The pains in the muscles and joints complained of were probably 
due to the necrosis and myositis of the muscle fibers caused by the 
typhoid bacillus and not by the presence of the sarcocystis or its toxin. 

The blood changes were those of typhoid fever, in which during the 
period of myositis there was a leucocytosis. There was no eosinophilia, 
as in trichinosis. The ocular defects in this case are probably referable 
to the typhoid fever rather than to sarcosporidia. 

I wish to express my thanks to Major J. L. Phillips, U. S. A., Su- 
perintendent of Ancon Hospital, for his kind permission to publish this 
account, and to Dr. J. P. Bates, in whose care the patient was, for call- 
ing my attention to the case and suggesting an examination of the 


muscle. 
Ancon Hospital. 


PURPURA FULMINANS 


CHARLES A, ELLIOTT, M.D. 
CHICAGO 


Cases of purpura fulminans have been so rarely reported and so little 
is known as to its clinical manifestations and causation that I feel no hes- 
itation in publishing an account of the following case, especially since 
the general question of hemolysis is at present attracting so much atten- 
tion, and the etiologic factor back of this unusual affection appears to be 
one of hemolytic nature. 

Case History 


Patient.—Helen M., aged 8 years, 7 months. Mother and father living and 
well. No brothers or sisters. One uncle died of tuberculosis of the lungs. 
Otherwise the family history is negative. No history of purpura or of “bleed 
ers” in the family. 

Previous Illnesses—The patient had whooping cough at 3; she was sick two 
months; measles and chickenpox in her seventh year, both light attacks. She 
was never a robust child, but was always healthy, aside from the above acute 
infections, with a good appetite, and always in a state of fair nourishment. 

Present Illness —On May 3, 1908, she was taken sick with scarlet fever, her 
case being the only fatal one of sixty cases of scarlet fever at the Chicago 
Orphan Asylum during March, April and May, 1908. Hers was a “mild” at- 
tack, with fever above 102 for but one day, and a typical exanthem that rapidly 
faded. The angina was moderate and the cervical glands were but slightly en 
larged. The patient was kept in bed four days after the temperature became 
normal, and at the end of this time her physical condition was good, desquama- 
tion was in progress, and the urine was free from albumin and casts. Ten days 
later the patient, being seemingly well, was allowed to go outdoors and play in 
a protected garden on warm afternoons. 

May 20: Seventeen days following the onset of the scarlet fever the patient 
complained of sore throat, and the tonsils and cervical glands were found to be 
swollen. Otherwise the physical condition seemed normal, except for some 
desquamation on the chest and extremities. 

May 21: The cervical glands were painful and much larger. The pharynx 
was red, and the tonsils were enlarged, but presented no ulceration or membrane. 
The heart showed a systolic murmur at the base. The urine contained albumin 
and a few granular casts. The temperature was from 102 to 104; pulse, 90; 
respirations, 26. 

May 22: The cervical glands were not so large nor so painful. The tem- 
perature was 102; pulse, 82; respirations, 24. In the evening a purpuric spot, 
the size of a smal] coin, was noted on the inner aspect of the right ankle. 

May 23: The cervical glands were markedly less swollen. The purpuric 
spot on the right ankle was one by two inches in diameter in the morning, but 
spread rapidly during the day until it covered most of the dorsum of the foot 
by night. A similar purpuric spot was noted on the left ankle, which rapidly 
spread. Fine petechial spots, the largest not larger than pin-heads, were seen 
scattered over the thighs, especially about the knees. The patient complained of 
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pain and burning in both feet, could not sleep, and was delirious at times, Tem- 
perature was 102; pulse, 106; respirations, 26. 

May 24: The purpuric areas had exteaded to cover most of the dorsal and 
plantar surfaces of both feet, as far as the middle of the arches, except for the 
outer two toes of the left foot, which remained free. Large blebs were present 
on the dorsal surface of both feet. The affected toes were cold to the touch, and 
were evidently gangrenous. Purpuric areas appeared on the left hip, on the 
inner aspect of both wrists, and on the outer aspect of the left arm. A systolic 
murmur was heard over the apex as well as over the base of the heart. The 
second pulmonic sound was not accentuated. The lungs were resonant throug!i- 
out, and no rales were heard. The spleen was not palpable. The abdomen 
showed nothing abnormal. The patient complained of a severe burning pain in 
the feet, and had frequent desire to urinate. The temperature was 102; pulse, 
120; respirations, 26. The urine contained macroscopic blood; was of a bright 
cherry-red color, with but little sediment; specific gravity, 1008; acid, large 
amount of albumin; no sugar; microscopically many red blood cells, and a few 
#ranular casts, but no crystals or pus. 

May 25: ‘The patient appeared very anemic; in marked contrast to the ap- 
pearance of the day before, the lips, face and hands were blanched. Gangrene 
of the toes and skin of the feet to the plantar arch was complete, except for 
the outer two toes of the left foot. Large blebs were present on the dorsal sur- 
face of both feet. The right leg showed a broad streak of discoloration (hema- 
toxylin color) running from the dorsum of the foot to the inner aspect of the 
knee. There was a fine, light green line tracing the edge of this area. Similar 
hematoxylin-colored areas were present on the outer aspect of the left knee, at 
the base of the right thumb, on the left forearm, on the inner aspect of the 
thighs, and on the left patella. A very large hematoxylin-colored area was found 
covering the lower back, as high as the first lumbar vertebra, and extending 
around the left iliac region into the left groin. This area showed marked edema, 
and was painful on pressure, but the skin was smooth and there were no blebs 
present here. Many fine petechial spots, the largest not larger than pin-heads, 
were seen in the skin of both legs, especially about the knees. There was no 
evidence of deep hemorrhages into the muscles. The gums were not swollen or 
tender. The cervical glands were markedly smaller than on May 21. The pa- 
tient had nose bleed, vomited, and had constant desire to urinate, passing a 
bloody urine. Temperature was 102; pulse, 130; respirations, 26. 

Blood Examination.—Hemoglobin, 55-60 per cent.; rel blood corpuscles, 
2,720,000; white blood corpuscles, 65,400. Differential count (1,000 cells 


counted): Polymorphonuclears, 794; lymphocytes, 132, myelocytes, 52; large 


mononuclears, 16; eosins (polymorph.), 5; mast cell (polymorph.), 1. Three 
normoblasts were found in counting the above. Blood platelets were not found 


to be increased in numbers. 

The needle-prick from which the blood was taken for examination continued 
to bleed for three hours, until death took place at 2:30 p. m., sixty-eight hours 
following the first appearance of purpura, and twenty-two days following the 
onset of scarlet fever. 

Autopsy.—(Dr. A. A. Goldsmith and N. E. Wayson.) General aspect of 
body. Three hours postmortem. Body of a female child, 5344 inches in length- 
Postmortem rigidity fairly well marked in the extremities and neck. Moderate 
postmortem lividity. No putrefaction, Corner opaque. Lips pale, with a tinge 
of cyanosis. 

Distribution of purpuric spots: Numerous areas of discoloration, of varying 
size and outline, and of uniform hematoxylin color, were seen scattered over the 
body surface. They were well outlined, and slightly raised above the surface, 
the larger areas being distinctly edematous. The distribution of these areas was 


4 


CHARLES A. ELLIOTT 195 


extensive, and they varied much in size (as seen by the accompanying illustra- 
tions). In general, they were more or less symmetrical, and appeared with more 
frequency and to greater extent, posteriorly than anteriorly. Small areas were 
found on the left arm, on the left forearm, at the base of the right thumb, over 
the left patella, and on the inner aspects of both thighs—these varying in size 
from one-half to three inches in diameter. A very large area extended from the 
level of the first lumbar vertebra to the coccyx, and from the region of the right 
trochanter around the left thigh posteriorly as far as the left anterior superior 
spine. This last was the largest of all the areas, and was very edematous. A 
large area covered the posterior aspect of the right leg, leaving the anterior 
surface free. A similar area, smaller, however, was present on the posterior 
aspect of the left leg, just above the heel. 

Feet: The right foot, including the toes, showed marked discoloration, ex 
tending as far as 2, inches behind the great toe on the plantar surface, and as 
far as 3% inches above the ankle on the dorsal surface. The toes and the ball 
of the foot were black. Large bulle were present on the inner aspect, as well 
as on the dorsum of the right foot. The largest was 2% by 3 inches in diam 
eter, and filled with a dark-reddish serum. The left foot corresponded to the 
right, except that the two external toes were not involved, the line of demar- 
cation extending diagonally from the base of the third toe to a point two inches 
behind the base of the great toe, and on this area there was a bulla, 2% by 14 
inches in diameter. A fine line of bright green color was distinctly, although 
faintly, to be seen tracing the outline of the areas on both feet, but was not to 
be seen about the lesions elsewhere on the body. (This may have been due to 
the fact that the lesions on the feet were the first, in point of time, to appear, 
and were therefore further developed.) The toes, except for the last two of the 
left foot, were gangrenous; these parts, however, as well as the lesions elsewhere! 
did not show the sharp line of demarcation seen in dry gangrene. 

Pin-point-sized, reddish areas were found over the right thigh at its lower 
part, and also to a lesser extent over the left thigh. These were not elevated 
above the surrounding skin, and their color could not be expressed on pressure. 
A number of similar, pin-point sized areas were seen scattered over the abdomen 
and thorax. 

The skin over the chest and abdomen showed desquamation, which would 
correspond to a fine scarlatinal desquamation. 

Glands: The posterior chain of cervical glands, bilaterally, were markedly 
enlarged. The axillary glands were also enlarged, some being as large as a smal! 
bean. The glands in the groins were slightly enlarged. 

Visceral Cavities: The omentum contained a small amount of fat, and ex 
tended down to the pubis. The transverse colon was U-shaped, and extended 
down to the umbilicus. The peritoneum was everywhere smooth and glistening. 
The appendix was long (414 inches), and lay over the brim of the pelvis. The 
spleen did not come down to the costal arch. The diaphragm on both sides ex 
tended upward to the third interspace. The breast-plate showed no change. 
The thymus gland measured 21%, by 14 inches, extending downward as far as the 
second rib. The pleural cavities were free from fluid and adhesions. The peri 
cardium contained the usual amount of clear fluid. 


Lungs: The left lung floated high in water, contained no solid areas, and 
showed but slight anthracosis. Section of the lung was pale and dry, otherwise 
normal. The surface of the left lung showed two pin-point-sized hemorrhagic 
spots, bright red in color. The right lung corresponded to the left, except that 


there were no hemorrhagic spots. 

Heart: The right ventricle and right auricle were empty. The right 
auriculoventricular orifice admitted the thumb. The ieft ventricle and left 
auricle were empty. The left auriculoventricular orifice admitted the finger-tip 
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The pulmonary, tricuspid, and aortic valves were normal. The posterior leaflet 
of the mitral valve showed pin-point-sized elevations, apparently covered by en- 
dothelium, these being just above the line of attachment of the chorde tendine. 

Neck: The esophagus was normal. The tongue was somewhat flabby. The 
tonsils were enlarged, but showed no gross pathologic change. The cervical 
lymph glands were large, as before mentioned, but showed no distinct pathologic 
change. The thyroid showed no changes. 

Spleen: Soft; the capsule wrinkled; the size is 41%, by 2% by % inches, 
and the estimated weight was between 130 and 150 gm. The splenic pulp was 
unusually prominent and fairly firm in structure. 

Kidneys: Pale, of approximately normal size, with fetal lobulations pres- 
ent. The capsule stripped with slight difficulty, tearing the kidney substance 
but little. The relation of cortex to medulla was 1 to 2 or 2%. The glomeruli 
were quite prominent and of a reddish color. The medulla was slightly darker 
than the cortex. 

Liver and Gall Bladder: Liver appeared pale on section, and the markings 
were less distinct than normal. It had a “boiled” appearance. Size, 8 by 6 by 
414, inches. The gall bladder was moderately distended. There were no calculi. 

The pancreas was pale, but otherwise showed no changes. The intestines 
were normal, excepting for a moderate hyperemia in spots. The stomach showe:l 
no changes. The mesenteric glands were enlarged, some as large as small beans, 


showing hyperemia. 

Genital and Urinary Organs: Both right and left broad ligaments showed ¢x 
tensive subperitoneal hemorrhages. The right ovary showed a similar hemor- 
rhagic area, 44 by 4% inch. The uterus was infantile. The urinary bladder ex- 
tended two fingers above the symphysis pubis, and showed a hemorrhagic area 
on its mucous surface, irregularly 3% inches in diameter, purplish-black in color, 
and slightly elevated above the surrounding mucous membrane. This area was 


mainly on the right side, extending almost to, but not involving the urinary 
orifice. The vagina was normal. The uterus was very small, and showed »o 
changes. The right ovary on section showed a hemorrhagic area, occupying 
more than half of the organ. Near the hilum of this ovary was a cystic body 
containing clear tluid, 3 mm. in diameter. The left ovary was normal on sec- 
tion. The entire pelvic cellular tissue was infiltrated with bloody fluid. 

The aorta showed no changes. 

Anatomical Diagnosis.—Anemia. Disseminated hemorrhagic subcutaneous in 
filtration, accompanied in part by gangrene (feet). Hemorrhagic infiltration of 
the pelvic fascia, of the submucosa of the urinary bladder, and of the right 
ovary. Hyperplastic cervical lymphadenitis. Hypertrophied tonsils. Persistent 
thymus (moderate size). Cloudy swelling of the liver and kidneys. Fetal 
lobulation of the kidney. Hyperplasia of the mesenteric lymph glands. Acute 
splenitis (mild). 

Histological Examination.—The skin in the region of the purpuric areas showed 
extensive changes. The stratum corneum was in part separated into layers and 
gave one the impression as if it had been dried. The stratum germinativum 
showed vesiculated areas ranging in size up to a hundred microns in diameter, 
and the fluid contained therein appeared to be partly within the cells and partly 
free within the tissues. Polymorphonuclear cells were numerous in this layer. 
In no place did these vesicular areas reach the stratum granulosum. The cutis 
vera showed marked necrosis and many vesicular areas similar to those seen in 
the stratum germinativum, these being located chietly immediately beneath the 
stratum germinativum, but a few were slightly deeper. The cells of the ducts 
of the sweat glands showed some degeneration. In the lower layer of the cutis 
vera, and in the subcutaneous tissue adjacent to it, was seen quite a marked 
infiltration of cells, chiefly polymorphonuclear leucocytes. In the same tissues 
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were areas containing numerous free red blood corpuscles, these latter showing 
marked evidence of degeneration. The subcutaneous tissue exhibited free blood, 
was necrotic, and showed in places marked infiltration of polymorphonuclear 
leucocytes. The lymph glands showed marked hyperemia. The interstitial tissue 
of the lungs showed marked infiltration, and some of the alveoli contained serum 
with polymorphonuclear and mononuclear cells. The infiltration in the alveoli 
and the interalveolar walls was not uniformly distributed, but occurred in more 
or less separated patches, evidently an early bronchopneumonia. The blood 
vessels of the lungs showed an unusual number of white blood cells as compared 
with the red cells. The liver showed moderate cloudy swelling. The spleen 
showed no marked change. The kidneys showed an acute nephritis; the capsule 
of Bowman was moderately distended; the epithelium of the convoluted tubules 
was degenerated, some of the cells being necrotic, and there was a slight in 
filtration of round cells. 

Bacteriologic Examination.—Cultures on bouillon and agar slants, from the 
heart’s blood, and from the serum contained in the large bulla, showed no growth 
after twelve, twenty-four and forty-eight hours. Smears taken from the splenic 
pulp show no micro-organisms. 


SUMMARY 


In interpreting the pathologic findings in their relation to the clin- 
ical manifestations one must conclude that there is nothing in the gross 
or microscopic pathology of this case to explain the disease process ade- 
quately. The hematuria and frequent urinations were due, in part at 
least, to the submucous hemorrhage in the bladder, and further than that 
there is nothing of a gross pathologic nature which stands in the rela- 
tion of cause and effect to the clinical manifestations. 

It is unnecessary to dwell on the impressive—one might almost say 
dramatic—clinical picture which the patient presented. There was 
nothing unusual in the course of the attack of scarlet fever preceding 
the purpura. All the cases in this epidemic were “mild,” and this case 
was no exception. The patient’s convalescence was prompt and seem- 
ingly uneventful up to the onset of angina on the seventeenth day, but 
from that time on the stormy course of events clearly showed that some 
grave general disturbance was going on. First, the angina and cervical] 
adenitis was intense, but rapidly subsided, so that by the third day it 
had almost entirely disappeared; then succeeded the onset and rapid 
development of the purpuric areas, each preceded by a peculiar sensation 
of burning at the point where, in a short hour or so, the purpuric spot 
was sure to appear. The symmetrical distribution of these areas was 
evident and in such location as to preclude entirely the idea of the affec- 
tion being due to thrombosis or embolism. Then came the beginning 
and progress of gangrene of the toes and the adjacent part of the foot, 
where the skin lesion had reached the most advanced stage of develop- 
ment, and ultimately the formation of bulle over the gangrenous areas. 
The sudden development of intense anemia, during the night preceding 
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death, reminded one of a chemical reaction, so complete was the change 
in the general picture that the patient presented. Before, the purpuric 
areas were on an apparently normal skin, but from that night on there 
was a great contrast between the dark purpuric areas and the waxen 
white skin of grave anemia. Last, but none the least dramatic, was the 
uncanny acuteness of mental activity which was retained to the very last 
moments before death. 

These special features do not appear to be peculiar to this case, but 
are repeated time and again in the reports of such cases as have reached 
the literature. 


CASES ABSTRACTED FROM THE LITERATURE 


Henoch first described this affection in 1886, and gave it the name 
“purpura fulminans,” at which time he was able to report 4 cases. In 
1892 Clara Dereum was able to report on 21 cases, and Joseph Stybr, 
in 1906, reported 13 cases. As far as is known to me, these three authors 
are the only ones who have attempted to assemble these cases for a col- 
lective study. 

Since the publication of Henoch’s paper, reports of isolated cases 
have occasionally appeared in the medical journals, until at the present 
time it is possible to report on 56 cases, all told. Of these, 32 are re- 
ported under the title “purpura fulminans,” 10 as rapidly fatal cases 
of purpura hemorrhagica, 8 as various forms of skin gangrene, and 1 as 
a “rare sequela of scarlet fever.” 

The following 9 cases appear to be similar to my case. In all the 
purpura appears as a sequela of scarlet fever, during the second or third 
week of convalescence. 

Case 2 (Henocn, Case 2).—Patient, a girl, 2% years old, said to be recover- 
ing from scarlet fever of two weeks previous, with desquamation still present. 
Three days before admission, purpuric spots appeared on both legs. Examina- 
tion showed marked anemia, left arm swollen and blue-red, partly black, to the 
shoulder. Both legs were covered with ecchymoses. Many bulle were present. 
Urine was normal. Temperature was 37.5 C. Death took place three and a 
half days from the onset of the purpura. Autopsy entirely negative. 

Case 3 (Davies).—History.—A boy, aged 9, while in the third week follow- 
ing scarlet fever, awoke one morning complaining of pain and tenderness in his 
legs, immediately after which ecchymoses appeared on the posterior surfaces of 
the legs, on both shins, and on the dorsum of the left foot. At 1 p. m. the calves 
of both his legs were covered by bluish-black purpuric areas. There were many 
ecchymoses scattered over the legs, especially about the ankles, confluent in spots, 
and somewhat edematous. At 9:30 the next morning many of the patches had 
become confluent, of a raven-blue color, and showed a symmetrical distribution. 
Tenderness of the legs was extreme. The temperature was normal; pulse, 120. 
By 1 p. m. all the patches had increased in size, and new ones had appeared on 
the elbows and hips. The left elbow joint was considerably swollen. Fever de- 
veloped; pulse was 140. The mental state was clear until death oceurred at 
noon of the second day, thirty hours after the appearance of the first purpuric 


spot. 


Postmortem photograph of author's case of purpura fulminans; posterior aspect. 


Postmortem photograph of author's case of purpura fulminans, showing the 
symmetrical distribution of the purpuric areas and the gangrene ot the toes. 
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Photomicrograph of skin section from the center of one of the purpuric areas from the author's case of purpura fulminans 
showing necrosis of cells with infiltration of tissue with red blood corpuscles and polymorphonuclear leucocytes 
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Autopsy.—This showed extensive, symmetrical, blue-black areas on the legs, 
thighs, back and elbows. General anemia was extreme. The blood was fluid, 
without clots. Pleural cavities contained blood-stained fluid. The autopsy was 
otherwise negative. 

Case 4 (RISEL).—History—A boy, aged 3 years and 10 months, who had 
had scarlet fever in a mild form, on the sixteenth day following had nose- 
bleed, and the mother noticed a purpuric spot on the leg, which spread rapidly. 
Next day the attending physician reported that there were purpuric areas on 
both elbows, both calves, and over both malleoli. On the third day the areas had 
extended markedly, becoming confluent and covering almost all of the posterior 
surface of the body. A large bulla, filled with bloody serum, was present over 
the base of the right great toe. The child had pain in the affected areas, anemia 
became intense, and death occurred at the end of seventy-two hours from the ap- 
pearance of the first purpurie area. 

Blood Examination.—Red blood corpuscles, 5,180,000; white blood corpuscles, 
38,120; no nucleated reds. Differential count gave: Neutrophiles, 83.3 per cent.; 
lymphocytes, 10.4 per cent.; transitionals, 2.1 per cent.; eosins, 0; basophiles, 
2.1 per cent.; myelocytes, 2.1 per cent. Blood platelets were present, but not 
markedly increased in numbers. Cultures from the blood obtained from heart 
puncture, three-quarters of an hour postmortem, were sterile after twenty-four 
hours, but showed staphylococci (probably skin contamination) after forty-eight 
hours. 

Autopsy.—Intense anemia of all of the internal organs, but no hemorrhages; 
blood vessels normal; spleen and bone marrow normal; findings otherwise en- 
tirely negative. 

Case 5 (COLLIE).—History.—A boy, aged 9, during the third week following 
scarlet fever, was admitted to the hospital with extensive ecchymoses over the 
extensor surface of the left elbow and forearm, over the left hip and over the 
posterior surface of each leg. He complained of extreme tenderness of the skin, 
and the sensation of “pins and needles” in the affected areas. There were no 
mucous membrane hemorrhages. The urine was clear. The patient vomited. 
Pallor was extreme. The patient’s mind was clear and his intelligence acute to 
his death, forty-eight hours from the onset of the purpura. 

Autopsy.—A large ecchymosis covered the back, extending from the shoulders 
downward; otherwise the purpuric areas were symmetrically disposed. The 
blood was fluid, without clots. The organs were anemic. There was no ex- 
travasation of blood into any of the internal organs, 

Case 6 (Srrém).—The patient, a boy, 244 years old, who had had a mild 
attack of scarlet fever, some time later complained of pain in the right leg, 
which began to swell and became blue-black to the knee. He had fever and head- 
ache, and there was a discharge of bloody mucus from the nose. Ecchymoses ap- 
peared on the arms, the hands, both legs and in the lumbar region. The right 
leg was completely discolored to the knee, with a sharp line of demarcation. 
The urine contained albumin. Death occurred in forty-eight hours after the first 
appearance of purpura. There was no autopsy. 

Case 7 (Dercum).—A boy, 4 years old, robust and under good hygienic sur- 
roundings, on February 3 felt sick, vomited, and had a scarlet rash on the trunk, 
The throat was sore, and the cervical glands were swollen. The patient was not 
confined to bed, and there was no subsequent desquamation. On February 11 the 
mother noticed, in the early morning, that the boy was pale and feeble, and that 
there was a purpuric area, the size of his hand, on the outer side of his right 
thigh, which by 10 a. m. was much larger, and at that time a similar area was 
noticed on the outer side of the opposite leg. Both areas increased rapidly in 
size. There was a slight nose bleed in the afternoon. Examination in the eve- 
ning, forty-five minutes antemortem, showed the child restless and distressed, 
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with extreme pallor, hurried respirations, rapid pulse, and mind clear. The 
whole left leg, from the knee to the toes, was of a uniform blue-black color; 
the right thigh, in its entire circumference, from the groin to the knee, the 
same, There was a small patch, the size of a quarter, on the outer side of the 
right leg. The skin was cold and slightly swollen over the purpuric areas. 
Death occurred fifteen hours after the appearance of the first purpurie spot. 
There was no autopsy. 

Case 8 (LuNb).—A child, aged 6 or 7, had had a mild attack of scarlet fever, 
and was convalescent, when fever developed and ecchymoses appeared, first on 
the lower extremities, then on the shoulders and trunk, and rapidly increased in 
size and numbers. Death occurred in forty-eight hours after the appearance of 
the first ecchymosis. There was no autopsy. 

Case 9 (Witson).—Symmetrical gangrene following scarlet fever. The pa- 
tient, a boy, aged 6, had had a severe scarlet fever, was convalescent ten days, 
and on the nineteenth day following the onset of the fever had a severe cervical 
adenitis. On the twenty-fourth day he had pain in the sacral region, and on 
eXamination a purpuric spot, two inches in diameter, was noticed over the sa 
crum. The patient had epistaxis, at first slight, then continuous until death. 
Soon after the epistaxis commenced, a discoloration of the surface of the nose 
was noticed, and in one hour the greater part of the nose was blue-black in 
color, and the discoloration spread rapidly to the cheeks and eyelids. The area 
over the sacrum, irregularly 3 by 5 em. in diameter, was gangrenous, and had 
small blebs on its surface. The patient’s mind was clear until one hour before 
death, which took place twenty-five days following the onset of the scarlet fever, 
six days following the cervical adenitis, and twenty-five hours following the first 
appearance of purpura. There was no autopsy. 

Case 10 (Hvuesner).—Skin gangrene following scarlet fever. The patient, a 
boy, on Dec, 21, 1907, was taken with scarlet fever, and on Jan. 1, 1908, while 
convalescent, was taken sick with angina and cervical adenitis. On January 10 
he had pains in various joints, followed by the appearance of blue-black areas in 
the skin over the elbows, the dorsum of the right hand, the buttocks, and the 
inner side of the ankles. The progress was very rapid, the areas extending, and 
the affected skin over the right elbow became gangrenous, witn the appearance 
of bulle. 

This patient gradually recovered, the gangrenous skin over the right elbow 
became separated, and the surface granulated over, but at the time of report- 
ing, five months later, was not entirely closed. The area over the right elbow 
was the only one of the purpuric areas that became gangrenous, 


This case is not reported as one of purpura fulminans, but it corre- 


sponds so closely to the manifestations of this affection that I feel jus- 


tified in classifying it as such. 

The following 5 rapidly fatal cases appear clinically as cases of pure 
purpura, there being no mucous membrane hemorrhages, gangrene or 
evidence of internal hemorrhage: 

Case 11 (VANDEVENTER).—A healthy, well-developed boy, 14 months old, 
without other manifestations, suddenly developed purpuric areas in the groins, 
which rapidly spread, symmmetricaly covering the thighs, as far as the knee 
joints. There were no other manifestations, no fever, no gastrointestinal symp- 
toms, and no mucous membrane hemorrhages, The child died sixteen and a half 
hours after the first appearance of purpura. There was no autopsy. 

Case 12 (Racurorp).—An idiotic, epileptic boy, 9 years old, under poor 
hygienie conditions, suddenly developed purpuric patches on the scrotum, abdo- 
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men and thighs. The areas increased rapidly in size, became contluent, pro- 
ducing a uniform discoloration about the hips and thighs. There were smalle1 
spots scattered elsewhere over the body. There was no bleeding from the mucous 
membranes and no other manifestations. Death occurred within twenty-four 
hours after the first symptoms. There was no autopsy. 

Case 13 (Srysr).—A healthy child, 2 months old, suddenly developed pur- 
purie spots over the body, which rapidly spread, so that in twenty-four hours 
both thighs, the scrotum and the trunk were vovered. The child became very 
anemic. There were no mucous membrane hemorrhages. Death ensued. There 
was no autopsy. 

Case 14 (Rorcn).—An infant, 7 months old, always perfectly healthy, and 
without previous symptoms, suddenly developed a severe form of purpura. Large 
ecchymoses appeared on the buttocks and on the trunk. The infant rapidly 
failed in strength and died in twenty-four hours. There were no mucous mem- 
brane hemorrhages. No autopsy was made. 

CASE 15 (GAILLARD AND HUERTAS).—A case reported as purpura fulminans. 
An infant of 13 months was apparently well and playing around, when the 
father noticed that the child’s hands were purple. Soon afterward simila 
patches appeared on the feet; in half an hour the legs were involved, and 
shortly afterward the thighs and lumbar region. The color of some of the areas 
seemed to disappear, but reappeared, although the infiltration persisted, The 
child became comatose and died twenty-eight hours following the first appearance 
of purpura, There was no autopsy. 


The following 4 cases were associated with intense mucous membrane 
hemorrhages. Henoch considered that purpura fulminans was not asso 
ciated with mucous membrane hemorrhages, but since his paper appeared 
(1886) a number of undoubted cases, complicated by hemorrhages from 


various mucous membranes, have been reported. 


CASE 16 (Pucct).—A boy, 7 years old, had an attack of measles, complicated 
with parotitis. The parotid was incised and pus evacuated. Two days later bleed 
ing occurred from the nose, mouth, rectum and bladder. Fever developed. In a 
few days purpuric spots appeared over the entire skin, in many places contluent 
There were pains in the limbs; anemia became intense, and a splenic tumor ce 
veloped. Death occurred two days following the onset of the purpura. No 
autopsy. 

Case 17 (Bourrerrr).—History.—A soldier, 22 years old, was taken sud 
denly ill. Great pallor of the face was noted and a number cf petechiw# were 
found on the face and temples. There had been hematuria, which was profuse 
and was repeated. There was bleeding from the mouth and gums, with abun 
dant hemoptysis. New purpuric areas appeared in rapid succession on the fore 
arms, buttocks and abdomen, spreading rapidly. Consciousness was maintained 
until death, about eight hours following the onset. 

Autopsy.—This showed extensive ecchymoses in the skin, many hemorrhages 
into the mucous membranes generally, and into all of the solid organs. The 
blood was fluid; otherwise no findings, and especially nothing to suggest a cause 
for the affection. 

Case 18 (AppreNRopT).—History.—An anemic child, 9 months old, suddenly 
had nosebleed, vomited bloody mucus, and the entire body became covered with 
purpuric spots in a remarkably short time. The next day there was an intense 
general pallor and the purpuric spots had increased in size and number, large 
confluent areas being present on the arms and legs. The patient passed bright 
red urine without clots. The entire posterior surface of the right arm became 
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blue-green in color. There were hemorrhages into the surface of the tongue. 
Physical examination was negative. The child passed numerous black stools, and 
death occurred at the beginning of the fourth day, 

Autopsy.—The abdomen only was examined. Peyer’s patches and the mesen- 
teric glands were swollen; there were hemorrhages into the kidney substance, 
and a subperitoneal hemorrhage in the region of the right kidney; the liver was 
pale; the spleen was not enlarged; the findings otherwise negative. 

Case 19 (JacKsoN).—A boy, aged 5, had had measles the month previous, 
became feverish and restless. On examination a few purpuric areas, about half 
an inch in diameter, were noticed on the legs and back, and a small hemor- 
rhagie bulla was noted on the lower lip. The next day profuse hemorrhages 
occurred from the nose, and the child vomited blood and passed blood in the 
stools and urine. The hemorrhages from the mucous membranes continued, and 
the purpurie areas in the skin extended rapidly, becoming confluent. Death oc- 
curred on the third day. No autopsy. 


The 4 following cases, together with my case and Cases 9 and 10, 
illustrate the fact that the purpuric areas may become gangrenous if the 


patient is not overcome before gangrene has time to develop. It may be 


symmetrically distributed, but is not always so, nor is it always fatal. 

Case 20 (Sourney).—History.—A girl, 2 years and 9 months old, who had 
had an attack of febrile purpura two months previous, complained of pains in 
the legs. On examination two slate-colored patches were noticed on each calf, 
which, when massaged, caused the child to cry out with pain. The areas spread 
rapidly, and new ones appeared symmetricaly on the extensor surface of both 
arms and on both buttocks. On the next day she was admitted to the hospital, 
at which time both legs from the pelvis down, both upper arms, both buttocks, 
and both tronchanters, were of a uniform blue-black color. The face and unaf- 
fected skin presented an ashen pallor. The mind was clear. Temperature was 
99.4; pulse, 120. The urine contained albumin, but no casts or blood. The pa- 
tient had repeated convulsions and died thirty-two hours after the first appear- 
ance of purpura. 

Autopsy.—tThe arteries and veins of the lower extremities were dissected out, 
ond were found to be entirely free from clots or emboli. The blood everywhere 
was fluid, resembling black cherry juice, and no clots were found. The spleen 
was slightly enlarged. The brain was free from gross pathologic changes. Other- 
wise the findings were entirely negative, 

Case 21 (CHaron).—A boy, 3 years old, had always been healthy. The 
mother noticed a purpuric spot, the size of a two-frane piece, on the dorsal sur- 
face of the left foot, which soon increased to tenfold the original size, turned 
black, and spread to the inner four toes. Similar areas appeared elsewhere on the 
trunk and extremities. The patches were gangrenous, and blebs developed on 
them, containing red serum. Pallor of the face was intense. An eclamptic at- 
tack occurred and death resulted at the end of the third day. Autopsy showed 
only anemia of all organs, 

Case 22 (GrmMarbD, Case 1).—A boy, aged 8, on admission had an enormous 
blood tumor on the right side of the face, which occupied the cheek, lips and 
chin, There were symmetrical eechymoses of deep violet color, covering the sur- 
face of both arms to the shoulders. A violet ecchymosis was present on the 
dorsum of the right foot, and later over the right ear. Gangrene appeared on 
the cheek and upper lip, and later on the right arm at the shoulder. The upper 
lip sloughed off, exposing the teeth. The sloughing surfaces discharged abundant 
pus, gradually separated and granulated over. Skin grafting was only partly 


ELLIOTT 


203 


CHARLES 


A. 


successful. The wounds cicatrized and the patient was in good health at the 
time of reporting. 

Case 23 (Gimarp, Case 2).—History.—A boy, aged 14 years, complained of 
pains in the legs and right buttock. On examination the legs seemed to be 
paralyzed, and purple ecchymoses were present on the right buttock and on the 
arms, especially over the elbows. The area over the right elbow became gangren 
ous. Intestinal hemorrhage occurred, which was repeated, and death came on 
the twenty-fourth day after admittance. 

Autopsy.—This showed recent pleural adhesions, fatty degeneration of the 
liver, three small infarcts in the spleen, a few hemorrhagic spots in the mucosa 
of the duodenum, but the findings were otherwise negative. 

The 10 following cases illustrate the extreme rapidity with which this 
affection may lead to a fatal termination. Death occurred in two cases 
at the end of five hours after the first appearance of purpura, and in 
all within twenty-four hours. 

Case 24 (Avusser).—A rickety infant of 18 months had had gastrointestinal 
disturbance, with irregular periods of fever, for weeks. At 5 a. m. a purpuri: 
spot was noticed on the right forearm, which spread rapidly, so that by 9 a. m 
the anterior part of the arm had a uniform purple color. Large ecchymoses ap 
peared on the inner aspects of the thighs, over the scrotum, and over the right 
abdomen and chest. Physical examination was negative. The pupils were un 
equal, The child became comatose and died at 10 a. m. Autopsy showed a smal! 
tuberculous focus in the right lung, fatty degeneration of the liver, and a r 
markable lengthening of the intestinal tube. 

Case 25 (ZvueELCHAUER, CASE 2).—An evidently healthy, although delicate, 
girl, 21% years old, was suddenly taken sick with diarrhea during the night. At 
7 a. m, the child was found to be very pale, and a purpuric area was found cov- 
ering the chin, with many smaller areas on the cheeks, forehead, neck, breast, 
back and lower extremities. The child’s strength failed rapidly, the skin became 
cool, the pulse soon became imperceptible, and death occurred, without further 
manifestations, at the end of five hours. No autopsy was held. 

Case 26 (Nicop).—A child, 4 years old, of good antecedents and in good 
health, was suddenly taken with vomiting which persisted during the night. '™ 
the morning this patient complained of pain in the leg, and on examination a 
purpuric spot, the size of a five-frane piece, was found at the site of the pain 
One hour later several more ecchymoses appeared, which rapidly spread, becami 
confluent, and covered the entire body, the skin surface being one purpuric 
ecchymosis. Death occurred within eight hours from the appearance of the first 
purpurie spot. There was no autopsy. 

Case 27 (Herv&).—An infant girl, aged 3 months, was taken suddenly 11! 
Examination showed a dozen hemorrhagic patches, the size of a ten-cent piece, 
scattered over the legs, thighs and abdomen. Three hours later the areas were 
much more extensive, including the face, forehead and evelids. The child crie1 
incessantly, but took the breast with avidity. There were no mucous membrane 
hemorrhages. Death occurred nine hours from tie onset of purpura. No autopsy 
was made. 

Case 28 (Lerper).—A rickety girl, 13 months old, had had bronchial catarrh 
the month previous. During the night the child suddenly became restless, fever 
developed, and she appeared very anemic. At « a. m. the anemia was intense, 
and numerous purpuric spots, the largest the size of a five-cent piece, were 
present on the chest, back and legs. The pulse was rapid. At 9 a. m. the pur- 
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purie areas had become very large, and by 11 a. m, the surface of the back, but- 
tocks, thighs and legs was one continuous blue-black area. The lower lip became 
blue-red. Death occurred at 1 p. m., twelve hours from the onset. No autopsy 
was made, 

Case 29 (Pickarp).—A boy, 15 months old, had a chill, followed by a fever 
of 102; pulse was 130. The child apparently had pains in the abdomen; became 
pale and restless, and vomited. A few hours later purpuric areas appeared, rap- 
idly covering the legs, but less extensive on the abdomen and face. The right ear 
became purple. Death occurred within thirteen hours. There was no autopsy. 

Case 30 (GUELLIOoT, CASE 2).—A healthy girl, 3 years old, was suddenly 
taken with a chill, followed by convulsions and vomiting. Purpuric areas ap- 
peared scattered over the skin surface, which increased rapidly in size and num 
her, especially over the thighs and trunk. Death occurred at the end of four 
teen hours from the first attack of vomiting. There was no autopsy. 

Case 31 (WoLrr).—History—A poorly nourished boy of 2 years and % 
months, was put to bed at 10 p. m. in evident good health, but awoke at 1 a. m., 
vomited, and had diarrhea, At noon he became dyspneic and complained of pain 
in the arms and legs, and purpura was noticed in small areas scattered over the 
body surface, there being one area, 7,.by 3 cm. in diameter, over the sacral region. 
The purpurie areas developed rapidly, so that by 4 p. m. the whole body was cov- 
ered and death occurred without further manifestations, fifteen hours after the 
onset of the illness. 

tutopsy.—This showed swelling of Peyer's patches, mesenteric glands, and 
spleen; injection of the meninges; petechial hemorrhages into the mucosa of the 
gastrointestinal tract and bladder; enlargement of the left adrenal. The findings 
were otherwise negative. 

Case 32 (GUELLIOT, CASE 3).—A strong and vigorous boy, 10 months old, 
suddenly became dyspneic and very ill; respirations were 96 per minute; pulse 
slow; extremities cold. Physical examination was negative. Purpurie areas 
were present upon the thighs and over Scarpa’s triangle. The areas increased 
rapidly in number and size, almost covering the body, becoming confluent in the 
lumbar region and making the entire body appear almost uniformly black, Death 
occurred in twenty-three hours. No autopsy was held. 

Case 33 (ZUELCHAUER, CASE 1).—A 2-year-old child, of poor parents, living 
in damp and dark apartments, suddenly began to vomit and had diarrhea. The 
child seemed exhausted; the face was very pale and pinched. Many purpuric 
spots, of different sizes, appeared on the face, one large one covering the left 
cheek. The areas became almost black, and death occurred at the end of twenty- 
four hours. Autopsy showed an infiltration of the subcutaneous tissues, with 
cherry-red blood; petechial hemorrhages on the surface of the medulla and spin! 
cord; fluid blood, without clots, in the heart and vessels; findings otherwise 
negative. 


The 3 following cases illustrate the development of bulle on the 


purpurie areas: 


Case 34 (ArcTANDER).—A boy, 3 years old, was suddenly taken sick. Blue 
red ecchymoses appeared over right foot and lower third of the right leg. The 
toes of the left foot showed ecchymoses. All the affected areas were swollen and 
became darker in color. The child was restless and had great thirst. Blisters 
appeared on the left leg, containing reddish serum, Ecchymoses appeared on the 
back. Death occurred on the third day. There was no gangrene. No autopsy 


was held. 
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Case 35 (RINONAPOLI).—A child, 24% years old, forty-eigit hours previous to 
examination had shown a purpuric spot, the size of a quarter of a dollar, below 
the left buttock. Examination showed extensive petechiw over the thorax and 
abdomen, and larger purpuric spots over the flexor surface of the extremities. 
The skin was very sensitive in the neighborhood of the purpurie spots. In 
twenty-four hours the areas were more extensive and new lesions had appeared. 
Bulle containing bloody serum appeared over some of the areas. Death occurred 
on the third day. There was no autopsy. 

Case 36 (GOrcES).—The patient, a rachitie boy, aged 2 years, had had an 
acute gastrointestinal disorder, with fever, which lasted one week. Two weeks 
later the mother noticed a purpuric spot on the buttock. Next morning the spot 
was much larger, and, at the same time, a swelling of the right foot was noticed. 
He was admitted to the hospital on the third day, at which time both ears were 
found to be swollen and blue-red in color. A bulla was found to be present under 
the helix of the left ear. Both buttocks, the scrotum and the left wrist were 
swollen and blue-red in color. The spleen was not enlarged. On the fourth day 
both hands to the middle of the forearms were dark-red in color, with bulhe 
present. Many small purpuric spots were found scattered over the gene "al body 
surface. The wrists and elbows were swollen. Red blood corpuscles, 5,120,000; 
leucocytes, 18,750. The child made a gradual recovery. 


The patients in the 3 following cases had convulsions as a manifes- 


tation of this affection, either at the onset or during the course of the 
disease. That these attacks may have been due to cerebral hemorrhage 
is not unlikely. 

Case 37 (HENocn, Case 4).—<A rachitic boy, 9 months old, had an eclamptie 
attack at 8 a.m. On examination, purpuric areas were found on the nates, upper 
arms and face. In a few hours the body was covered with dark-red purpurie 
areas, which spread rapidly and became confluent, especially on the thighs. The 
temperature rose to 40.8 C. The lungs and heart were negative. There were no 
mucous membrane hemorrhages. Death took place inside of twenty-four hours. 
There was no autopsy. 

Case 38 (Guetiiot, CASE 1).—An infant girl of 7 months, on artificial feed- 
ing, had considerable gastrointestinal disturbance. Suddenly the child began to 
vomit, and had a convulsion followed by coma, with death at the end of fourteen 
hours from the first vomiting attack. A few moments before the child’s death 
the mother first noticed that the child’s body was covered with purpuric spots of 
a dark purpie (some of them almost black) color. There was no autopsy. 

Case 39 (AupEoup).—A delicate boy, aged 2, years, after feeling tired for 
a day, was noticed to have a purpurie spot on the left wrist. In four hours the 
body was covered with ecchymoses, varying from the size of a pea to that of a 
two-frane piece, and the general complexion was of a lead-gray color. The tem 
perature was 40.6 C. By night the ecchymoses on the trunk were much larger, 
some as large as the palm of the hand, and of a violet color. The surface of the 
thighs and legs were one continuous diffuse purpuriec area. There were no 
mucous membrane hemorrhages, no edema, and no vesicles. At midnight the child 
had a convulsion, after which he was comatose until death at 1 a. m., seventeen 
hours after the onset of purpura. No autepsy was held. 


The 2 following cases occurred immediately after exposure to cold 
and wet, and remind one of hemoglobinuria artificially produced by im- 
mersing an extremity in cold water (Hoover and Stone) : 
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Case 40 (MAILLY).—A boy, 15 years old, frail and of only average health, 
who worked in a glass factory, where he was exposed to great extremes of heat 
and cold, and who was forced to live on a scanty diet of salt pork and but few 
vegetables, went in bathing in a creek, after which he was taken with a chill, 
and rapidly developed pyrexia, with a temperature of 106. His body became cov- 
ered with innumerable purpuric spots, averaging in size over 1 mm. in diameter. 
He complained of pain in the arms, became delirious, went into collapse, the ex- 
tremities became cold, and he died within twenty-four hours of the initial symp 
tom. There was no autopsy. 

Case 41 (MiILLer).—A healthy man, aged 21, after exposure to wet and cold, 
complained of sore throat and general malaise, and two days later had swelling 
and pain in the ankles, knees and fingers, at which time purpurie spots were 
noticed on the feet and legs. Swelling of the joints continued and the purpuric 
areas increased in number and size, the largest being over the hips, thighs and 
right shoulder. On the seventeenth day the swelling and pain in the joints had 
subsided, except for the right shoulder, which by the tenth day was depressed 
below the surrounding surface, was black, and had the appearance of incipient 
gangrene. The left eye and tongue became swollen and discolored; the stools 
were tarry; the urine contained clots, and the sputum was _ blood-streaked. 
Ecehymoses were very extensive; and anemia was intense at the time of death 
on the tenth day. No autopsy was held. 

The 2 cases following occurred after pneumonia: 

Case 42 (Henocu, Case 1).—A boy, 5 years old, two days following the crisis 
from a lower-lobe pneumonia, complained of pain in the left leg, and soon after 
ward a purpurie spot, 9 by 5 em., was found on his leg. Many spots appeared in 
rapid succession. Pallor was intense. The entire right leg became blue, and was 
painful. The urine was clear. There were no mucous membrane hemorrhages. 
Death occurred in twenty-six hours from the first appearance of purpura. Au- 
topsy showed the pneumonia almost completely resolved; arteries of extremities 
perfectly free; findings were otherwise negative. 

Case 43 (Mayer).—A 5-year-old boy, of a tuberculous family, had a sharp 
attack of left upper-lobe pneumonia, ending by crisis on the eighth day, aiter 
which he had a good convalescence until the fifth day following the crisis, when 
a profuse nasal hemorrhage occurred, which was checked by packing the nose. A 
rhinoscopie examination showed no defect in the nasal mucous membrane. The 
next day the child was dyspneic, appeared very anemic, and the skin was bathed 
in perspiration. The nasal hemorrhage recurred and persisted. An artificially 
produced blister over the liver region contained serum of a blood-red color. On 
the fifth day following the first epistaxis many small purpuric areas suddenly 
appeared over the body generally, and rapidly increased in size and number, be- 
coming confluent. The entire left arm became a uniform blue-red color. Death 
occurred on the eleventh day following the crisis, the sixth day following the 
first epistaxis, and one day following the appearance of purpura. No autopsy 
was held. 

Case 44 (BeckMANN).—History—A washerwoman and cook, aged 62, had 
had vague pains in the extremities, was weak, and had had anorexia for one 
month. After a restless night she noticed many purpurie spots on the body, 
passed bloody urine, bloody sputum, and black stools. Examination showed pur- 
puric spots, almost black, over the entire body. Violet-colored ecchymoses were 
present on the trunk, blue-black areas on the backs of the hands, and the finger 
tips were black. Bulle were present on the extensor surfaces of the arms, fore- 
arms, and legs. Many small purpurie spots were present in the mucous mem- 
branes. Free blood was present in the urine and stools. Death occurred four 
days after the onset of the purpura. 
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Autopsy.—The blood was fluid, no clots being found. A few petechie were 
found on the surface of the lungs, diaphragm, pericardium and peritoneum. 
There was hemorrhage into the mediastinum, into the fatty capsule and cortex 
of the kidneys, and into the mucous membranes of the stomach and urinary 
bladder. An apoplectic hemorrhage was present in the substance of the right 
cerebellum. The spleen and liver were slightly enlarged. 

Case 45 (THvue).—History.—A 2-year-old, healthy girl complained that she 
could not walk at 11 a. m.; at 4 p. m. a purpuric spot was first noted on the right 
ankle and soon after a similar area was found on the opposite ankle. Early the 
next morning the legs below the knees and the feet, except the toes, were entire]) 
discolored, and new areas, symmetrically located, were found on both trochanters 
At 11 a. m. an intense anemia was evident; the child was restless, but the 
sensorium was clear. Numerous additional purpuric spots appeared, the feet 
became cold, the child become drowsy, and death occurred forty-seven hours after 
the first purpuric spot was seen. 

Autopsy.—This showed an intense anemia of all the internal organs. The 
purpuric areas showed the cutis vera and the subcutaneous tissue transfused 
with blood. Otherwise the findings were negative 

Case 46 (BorGEN ).—History.—A robust boy, 2 years old, had a swelling ot 
the glands of the neck. Eight days later the mother noticed a purpuric spot on 
the buttocks, and the child was observed to be restless. The next day this spot 
was much larger and new purpuric areas appeared, symmetrically distributed, on 
the thighs and legs, and small vesicles were present about the edges of thes 
areas. The areas were large and covered about one-half of the surface of the 
lower extremities, but were not so extensive on the arms or trunk. There were 
two small areas on the brow over the left frontal eminence. The skin and mucous 
membranes were very pale, in marked contrast to the purpuric areas. Death oc 
curred sixty hours after the first appearance of purpura. 

Autopsy.—This showed fluid blood, without clots; all organs anemic; tonsils 
swollen; general glandular enlargement, especially in the cervical region; spleen 
small, otherwise the findings were negative, there being no internal hemorrhage 
Cultures gave a pure culture of streptococci from the heart’s blood, the spleen, 
and the cervical glands. 

Case 47 (TyYLer).—A woman, aged 25, had an attack of acute articular 
rheumatism which responded to salicylate treatment. Eleven days later, the 
patient being seemingly well, a small ecchymosis, % inch in diameter, was noticed 
at the base of the left thumb, at 7 a. m. At 11 a. m. bleeding occurred from 
the nose and mouth; she coughed up a few clots, became very restless, and at 
p. m. the body surface generally was found to be covered with purpuric spots 
The ocular conjunctiva and the right eyelid suddenly became suffused with blood 
Without other manifestations, death occurred at the end of twenty hours from 
the time of the appearance of the first purpuric spot. There was no autopsy 

Cases 48-56.—Additional cases are reported by Bacon (two cases), Boulloche, 
Briick (two cases), Kerley, Koch, Rilliet and Barthez, and Voss, but these re 
ports present nothing different from those already abstracted, and, to avoid re 
petition, are not abstracted here. 


SUMMARY OF REPORTED CASES 


Of the patients in these 56 cases, there were 32 males, 15 females, 
and in 9 (infants) the sex is not mentioned. 
As to age, 47 cases occurred under 10 years, 1 at 6 months, and 1 at 


62 years. 


==; 


208 PURPURA FULMINANS 


Predisposing causes are mentioned in 24 cases; scarlet fever 11 
times; diarrhea 3; pneumonia, measles and exposure, each 2; vaccina- 
tion, rheumatism, cervical adenitis and septic infection, each 1. In 32 
cases there was no predisposing cause mentioned, and in 17 cases it was 
definitely stated that the patient was apparently healthy up to the onset 
of the purpura. 

Of 17 cases in which a predisposing cause is mentioned, in 1 the 
purpura occurred immediately, in 5 within one week, and in all within 
three weeks of the predisposing factor. 

Of the 56 patients, 52 died and 4 recovered, 

Of the 52 fatal cases, the average course of the disease was fifty-two 
and one-half hours from the first appearance of the purpura. The short- 
est period was five hours, the longest ten days. Nineteen cases were 
fatal within twenty-four hours, in 10 death occurred on the second day, 
in 7 on the third day, and in 10 on the fourth day. In 7 the exact time 
is not given. 

As to the size of the purpurie spots, there were extensive eccliymoses 
covering large areas of skin in 39 cases. In 8 there were innumerable 
small spots scattered over the body surface, these including 6 of the 
most rapidly fatal cases. In 9 the exact size of the purpuric spots is not 
mentioned, 

A symmetrical distribution of the lesions was noted 19 times, skin 
gangrene 8 times, the occurrence of bulla 9 times, extreme general pallor 
13 times. 

Pain, occurring at the site of the individual purpurie spots and pre- 
ceding their appearance, was noted in 12 cases. 

Mucous membrane hemorrhages are reported in 18 cases; from the 
nose, 12; mouth, 4; stomach, 3; intestines, 5; genitourinary tract, 4; 


conjunctiva, 2; and lungs, 1. 


Angina is mentioned in 9 cases, cervical adenitis in 5, and convul- 
sions in 3. 

The mental state remained clear to near the fatal termination in a 
remarkably large proportion of the cases. 

Autopsies were held in 20 cases, and aside from a general anemia of 
the organs in most cases, and visceral hemorrhages in 9 cases, there is 
a remarkable absence of any gross pathologic change, and nothing that 
would suggest a possible cause for this affection. Cerebral hemorrhage 
was found 3 times. In only 1 case was the spleen found markedly en- 
larged. In 2 cases of symmetrical gangrene the arteries leading to the 
gangrenous areas were carefully dissected out and were found to be 
free from any gross pathologic change. 
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Postmortem cultures were made in 4 cases, twice with negative rm 


sults; once streptococci were found in all the organs, and once staphy 
lococci were grown from a cardiac puncture taken forty-five minutes 


after death, but this was considered by the authors reporting the case as 


contamination from the skin. 
From a consideration of the above characteristics of this affe tion, it 


would appear that purpura fulminans does not differ essentially from 


the other forms of purpura. It is a difference in degree only. In purpura 


fulminans the chemical reaction is complete, the reagent has been added 


in excess, and the disease progresses with overwhelming finality, whereas 


in the less severe forms of purpura the chemical reaction is incomplete, 


the reagent has not been added in excess, and the disease is abortive. 
In conclusion, I wish to thank Dr. ‘W. E. Schroeder for the beautiful 
photographs that he has taken of my patient; Dr. A. A. Goldsmith for 


conducting the postmortem and making the histologic examination of 


the tissues; Mr. N. E. Wayson for the bacteriologic examination, and 


Dr. Carl von Klein for valuable assistance in searching for the reports 


of cases in the literature. 
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A CRITICAL STUDY OF THE VALUE OF THE MEASURE- 
MENTS OF CHEST EXPANSION AND LUNG CAPACITY 
THEIR UNRELIABILITY IN CONDITIONS OF HEALTH AND IN EARLY 

PULMONARY DISEASE 
HARRY W. GOODALL, M.D., ano J. LYMAN BELKNAP, MLD. 
BOSTON 

Two methods of estimating lung capacity have long been employed : 
1, the measure of chest expansion as an index of lung capacity, and, 2, 
spirometer readings as the accurate measure of lung capacity. 

Both of these well-known methods are simple in their application, 
and the measurements themselves can be made with accuracy. These 
two facts have resulted in their general acceptance as valuable aids in 
estimating standards of health, but opinions are still divided as to their 


value in the diagnosis of early pulmonary disease. 
The following observations were undertaken in order to determine 
more exactly the value of both measurements as aids in the physical 


examination of individuals: 

Three questions are to be considered in this study: 

1. Can the respiratory capacity be accurately estimated by either or 
both of these measurements ? 

2. Are the measure values constant enough in the individual] to allow 
us to accept norma! standards? 

3. Are the measurements of value in the diagnosis of early pulmo- 
nary disease ? 

A knowledge of the mechanics of pulmonary respiration is essential, 
first of all, to the proper study of these questions. Briefly, they are as 
follows: 

In ordinary respiration the primary step is the contraction of th 
muscles of respiration. Roughly, these may be divided into two groups, 
the muscles attached to the chest and those attached to the diaphragm. 
The result of their contraction is enlargement of the thoracic cavity, 
the muscles of the chest increasing the anteroposterior and transvers 
diameters, the contraction of the diaphragm increasing the vertical 
diameter. Inspiration results from this thoracic enlargement, owing to 
the difference in pressure between the air without and the air within 
the chest. In normal, quiet respiration this inspired air is spoken of as 
the tidal] air. 
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With forced respiration, the type which more especially concerns us, 
there is not only a forced contraction of these same muscles, but the 
accessory muscles of respiration are called into play. Some of these 
muscles act directly on the chest walls; but of far greater importance is 
the action of the abdominal walls, the contraction of which forces the 
diaphragm upward, the important factor in expiration. The additional! 
air which is inspired during forced inspiration is spoken of as the com- 
plemental air: that which is expired is spoken of as the supplemental 
air. 

It should be further noted that the greatest increase in the size of 
the thorax is in the vertical diameter, since less resistance is offered to 
the movement of the diaphragm as compared with the rather rigid chest 
walls. Thus respiration is essentially the result of muscular activity. 
Furthermore, these muscles are under the control of the will. It is evi- 
dent, therefore, that in the same individual one group of muscles may 
he brought into play at the expense of the other, which might result in 
variations in the measure of chest expansion and in the actual size of 
the thoracic cavity. 

In order to avoid the well-known variations due to age and sex, we 
have selected for our series males between the ages of 20 and 45. 

I. CHEST EXPANSION 

This is the measure more commonly employed, since it is the more 
convenient. 

Individual variations in this measurement are illustrated bv the fol 
lowing observations selected from the normal persons. 

If we observe the individual who has not been previously instructed, 
during forced inspiration, we note two general types of breathing. Be- 
tween these two types all degrees of variation are possible. 

1. Quite natural inspiration is intensified. The chest expands and the 
abdomen protrudes as the diaphragm descends. These two movements 
follow ordinarily the type of breathing natural to the individual. costal 
or abdominal. The effort is made with the object of inspiring as much 
air as possible, and it is probable that under these circumstances the 
maximum capacity is attained regardless of the particular type natural 
to the individual. On the other hand, the measure of chest expansion is 
markedly influenced by the type of breathing, as is shown in Table 1. 

2. A decided effort is made by the individual to attain the maximum 
chest expansion, no special attention being given to the amount of air 
inspired. 
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EXPANSION AND TYPE OF BREATHING 


—~RELATION BETWEEN CHEST 


Costal Type. Abdominal Type 

Expansion. Capacity. Expansion Capacity. 

4.2 inches. 270 cubic inches 1.5 inches 270 cubic inches 

3.5 inches 200 cubic inches 1.4 inches 225 cubic inches 

3.5 inches 265 cubie inches 1.4 inches 225 cubic inches ' 
3.0 inches 200 cubic inches 1.1 inches 220 cubic inches 

3.0 inches 245 cubic inches 1.0 inches 215 eubie inches 

3.2 inches 245 eubic inches 1.4 inches 195 cubie inches 

8 inches ecubie inches 8 inches 260 cubie inchs 


1.2 inches 230 cubic inches 


Av. 3.3 inches cubic inches 


One observes with this effort a marked retraction, instead of the nor 


mal protrusion of the abdominal walls. This results in an additions 


increase in the chest measurement, because the vertical diameter of th 


thoracic cavity is shortened as the diaphragm is forced upward. Thi- 


abdominal retraction may be brought into play either at the end of full 


inspiration, before inspiration is begun, or before inspiration is com- 
pleted. 
The influence of this voluntary action on the measure of chest expan- 


sion. as well as lung capacity, is illustrated in Tables 2 and 3. 


The first measurements (Table 2) were taken without previously in- 


structing the individuals. 


TABLE IT.—Errect or VOLUNTARY ACTION ON CHEST EXPANSION AND LUNG 


CAPACITY 

Expansion. Capacity 

4.3 inches 180 cubic inches 

4.2 inches 180 cubie inches 

4.0 inches 140 ecubie inches 

3.5 inches 135 eubie inches 

3.4 inches 180 cubic inches 

2.9 inches 165 eubie inches 

2.8 inches 140 cubie inches 
Av. 3.6 inches 160 cubic inches 


A second measurement was made after instructing the individual to 


fill his lungs with air and to blow the needle of the spirometer as high 


as possible, disregarding the expansion of his chest. The results ar 


given in Table 3. 


Taste I11.—Errect or VOLUNTARY ACTION ON CHEST EXPANSION AND LUNG 
CAPACITY 


Expansion. Capacity 

2.8 inches 240 cubie inches 
2.6 inches 250 eubie inches 
2.5 inches 235 ecubie inches 
2.3 inches 195 cubie inchex 
3.0 inches 240 cubic inches 
2.1 inches 220 cubic inches 
2.2 inches 210 eubie inches 


inches 227 cubic inches 


AV, 
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Thus in the same individuals considerable variation is possible in 
both measurements, depending on the mechanics of the respiratory 
effort, and it is evident that any measurements which disregard the 
mechanism of breathing may be misleading and erroneous. 

Comparing Tables 2 and 3, it is clear that, in the same individual, 
the increased muscular effort called forth in producing the maximum 
expansion resulted in an actual loss of lung capacity. 

If we take the average of the seven measurements, we find that an 
increase of 1.1 inches in expansion was attained at a loss of 67 cubic 
_inches of air. With practice this difference is even more marked. 

This supports our recent observations,’ in which it was shown that at 
least 50 per cent. of the maximum chest expansion may be due to mus- 
cular action alone, no additional air being inspired. The explanation of 
this lies in the fact that if the breath is held the thorax becomes a closed 
cavity. If now the diaphragm is forced upward by retraction of the 
abdominal wa!ls, the vertical diameter of the chest is shortened, and the 
other two diameters are necessarily increased and an increase in the chest 
measurement results, 

From these two tables it is also evident that the measure of chest 
expansion may be an index of the development of the muscles which 
expand the chest. : 

Thus no definite relation exists between expansion and lung capac- 
itv; the measure of expansion is an unreliable guide in estimating 
the capacity of the lungs in normal individuals. It is also to be noted 
that the maximum lung capacity is best measured by instructing the 
individual to follow the normal type of breathing and to inhale as much 


air as possible into the lungs. 


May We Accept a Normal Standard of Chest Expansion ? 


From the variations shown in the preceding tables, doubt is thrown 
on the advisability of accepting any measure as a normal standard. 
/ 


Taken collectively, our cases averaged between 2 and 21% inches 
expansion, but individual exceptions are encountered so frequently that 


the application of this average is inadvisable, because of the fact that 


extreme types of abdominal breathing invariably give low expansion 
measurements, and also to the fact that this muscular effort can not 
always be eliminated, no matter how carefully the individual may be 
instructed, 


1. Boston Med. and Surg. Jour., 1908, elviii, 761. 
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The few measurements in the following table taken after carefully 
instructing the individuals illustrate these two points. 


Taste IV.—EXPANSION AND CAPACITY IN ABDOMINAL BREATHING 


Muscular Contraction 
Abdominal breathing, Extreme Types of Not Entirely Eliminated. 
Expansion. Capacity. Expansion. Capacity. 


inches 260 cubic inches 3.0 inches 195 cubic inches 
7 inches 220 cubie inches inches 195 cubic inches 
inches 240 cubic inches inches 185 cubic inches 
inches 275 cubic inches inches 185 cubic inches 
inches 235 cubic inches inches 195 cubic inches 


19 


inches 191 cubic inches 


Avy. inches 246 cubic inches 


| 


ro 


The average chest expansion of these 10 selected subjects is 2 inches, 
but it is evident that this average is without value if it is to be taken as 
an index of lung capacity, as the individuals with the greatest capacity 
have the smallest expansion. It is not to be concluded that such a 
marked difference is the rule. These extreme types are selected to illus- 
trate the fact that individual variations are so pronounced and the 
mechanism so complicated that the measurements are extremely compli- 
cated instead of simple, as is so commonly supposed. This point will 
he referred to again in the discussion of the measurements of capacity. 


II. LUNG CAPACITY 


We have already called attention to the mechanical principles that 
determine the amount of air inspired during forced inspiration. The 
individual variations which are possible during inspiration have also 
been mentioned. 

In measuring the lung capacity, however, we still have another fac- 
tor to consider, namely, the expiration into the spirometer after the 
forced inspiratory act has been completed. Normally, forced expiration 
is accomplished chiefly by the contraction of the muscles of the abdomi- 
nal walls, whereby the diaphragm is forced upward as high as possible. 

Of the two groups of muscles, the inspiratory and the expiratory, 
the latter are the stronger. Thus again we assume that the amount of 
supplemental air will depend largely on the development of the abdomi- 
nal muscles, and that with excessive development there is an apparent 
rather than actual increase in the lung capacity due to the fact that the 
supplemental air is increased at the expense of the residual air. 

Assuming two individuals with the same lung capacity, if the abdom- 
inal muscles of one were relatively more developed, he would be able to 
expire more air than the other; that is, he would have a larger supple- 
mental air, but this would be at the expense of the residual air. Condi- 
tions would be reversed in the second individual. Unfortunately, we 
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have no accurate method of measuring the complemental, tidal and sup- 
plemental air. 

Approximately 230 cubic inches have been accepted as the normal 
lung capacity. This represents the average of a large series of meas- 
urements of college students and men accustomed to a moderate amount 
of gymnasium work. 

Since so much depends on the muscular development of the indi- 
vidual, as has already been shown, we have, for the purpose of our analy- 
sis, divided our subjects into three classes according to their muscular 
development : 

1. Individuals with rather inferior muscular development. 

2. Well-developed individuals. 

3. Individuals with excessive muscular development. 

Examples of the first type were selected from men who sought treat- 
ment at an out-patient department for some functional disorder. All 
had negative physical examinations and none complained of pulmonary 
symptoms. These individuals lived in the crowded sections of the city; 
their occupations did not call forth special muscular or pulmonary ac- 
tivity, and in the main the greater portion of the day was spent indoors. 

The second series of measurements were taken from students and 
men who spent a few hours each week in the gymnasium. 

For the third series we are indebted to the officers of the U. S. S 


Wabash for the privilege of measuring the blue jackets and marines 
who were in active service. 
The average of these measurements is given in Table 5. 


TaBLe V.—AVERAGE MEASUREMENTS IN THREE CLASSES OF MUSCULAR 
DEVELOPMENT 


—_————Chest Measurement.— Lung Capacity. 
Full Full Chest 
Expiration. Inspiration. Expansion. 


. Hospital patients ....... 32.7inches 34.9inches 2.2inches 191 cubic inches 
. Students 34.3inches 36.2inches 1.9 inches 235 cubic inches 
. Bluejackets and marines. 33.7 inches 36.5 inches 2.8 inches 248 cubic inches 

Thus in condition of health the lung capacity varies between 191 
and 248 cubic inches. Higher values are possible and even lower values 
may be present with normal lungs. 

Again, our attention is called in this table to the direct relation be- 
tween muscular development and lung capacity. No such relation, how- 
ever, is found between the measures of chest expansion and lung capac- 
ity. The unreliability of chest measurements is to be explained by the 
individual variations above mentioned. 

This lack of relation between expansion and capacity is well illus- 
trated by a more careful analysis of the series. 
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Of the 200 hospital patients, 84 had a chest expansion of less than 2 
inches, but, of this number, 23, or 27 per cent., had a larger capacity 
than the average for this type, which was 191 cubic inches. 

Of the remaining 116 patients with an expansion of 2 inches or 
more, 44, or 38 per cent., had less than the average capacity. 

Thus wrong conclusions would be drawn in 65 per cent. of the cases 
if we were to accept 2 inches as the normal chest expansion. 

With the students there was a similar error of 44 per cent., and with 
the blue jackets and marines 33 per cent. 

This constant decrease in the error is explained by the fact that 
with higher degrees of muscular development there is a correspondingly 
larger number of individuals who attain an expansion of 2 inches. Like- 
wise we assume that the supplemental air is increased at the expense of 
the residual air in the more muscular men. 

This is further illustrated by Table 6, in which the hospital patients 
are grouped according to their chest expansion measures. 


TABLE PATIENTS 


Average Chest Capacity 


No. Patients. Chest Expansion. 


9 up to 1 inch 151.1 cubic inches 
36 1 to 1.5 inches 178.2 cubic inches 
39 1.5 to inches 183 cubic inches 
48 2 to 2.5 inches 196.5 cubic inches 
24 2.5 to 3 inches 196.4 cubic inches 
20 3. to 3.5 inches 214.2 cubic inches 
14 3.5 to 4 inches 195.3 cubic inches 
10 4 inches 202.5 cubic inches 


Thus there is a general yet not constant tendency to an increased 
capacity as the measure of expansion increased. This increase in capac- 
ity, however, is not in proportion to the increase in expansion. The 48 
patients with an expansion between 2 and 2.5 inches, an ample expan- 
sion for the maximum capacity under all ordinary circumstances, had 
an average capacity of 195.6 cubic inches. The 68 patients with an 
expansion of 2.5 or more inches had an average capacity of 202.1 cubic 
inches, an increase of only 6.5 cubic inches of air. 

The students gave a similar increase of 12 cubic inches, the blue 
jackets and marines of 18 cubic inhes. 

These relatively small increases in capacity are undoubtedly ex- 
plained by the same factors that accompany increased muscular develop- 
ment. 


Influence of Practice on Expansion and Capacity. 


Without tabulating individual examples, it was evident that both 
measurements may be influenced by practice in two ways: 


CHEST EXPANSION AND LUNG CAPACITY 


1. Improvement in the method of breathing, which results in in- 
creased capacity with or without increased expansion. 

2. Intensification of the muscular effort which results in increased 
expansion without increased capacity or with only a slightly increased 


capacity, due to the increased muscular effort in the expulsion of air; 


in other words, an increased supplemental air. 


Value of Measurements in Disease of the Respiratory Tract 


When the respiratory tract is diseased, a decrease in expansion and 
capacity results from two general causes: 

1. Loss of strength of the muscles of respiration. 

2. Limitations to the amount of air which can be inspired. 

The loss of muscular strength usually accompanies the weakness of 
the entire muscular system. This is illustrated by three cases of chronic 
lead poisoning with emaciation and general muscular weakness; the 
patients had an average chest expansion of 1 inch and an average lung 
capacity of 140 eubie inches. Examination of the lungs in all three 
cases was negative and there were no pulmonary symptoms. 

Limitations to the amount of air which can be inspired result from 
one of two causes: 

1. Actual loss in lung tissue. 

2. Irritability of the air passages, which prevents a full inspiration. 
This irritability shows itself either as discomfort, pain, or tendency to 
cough. 

Loss in Lung Tissue 

Diminution of capacity necessarily results from loss of lung tissue. 
When present it is demonstrable by auscultation and percussion. The 
measure of capacity can be of value only in estimating the degree. 

A series of patients with well-advanced pulmonary tuberculosis gave 
an average capacity of 97 cubic inches, with an average expansion of 
1.25 inehes. Values as low as 50 or 60 cubic inches were frequently 
met with. The largest capacity we obtained was 180 cubic inches. In 
all these cases simple inspection was sufficient to establish a marked 
diminution in capacity. 

Irritability of the Air Passages 

No definite conclusions as to diminished capacity can be drawn until 
this factor has been eliminated, as is illustrated by the following cases: 

Two patients with nasopharyngitis, due to deviation of the septum. 
had very irritable throats. One had a capacity of 125, the other of 140 
cubie inches. Both were muscular men with negative lungs. After the 
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We 


250 


throats were sprayed with cocain the patients measured 250 ani 
cubic inches, respectively. 
Two mild cases of acute bronchitis, with scattered rales. and but 


little cough, measured 230 and 245 cubie inches. P 
Six patients with bronchitis of a similar type, but with laryngeal 

irritation, averaged 130 cubic inches. After the administration of 

heroin, the average capacity was 225 cubic inches. 


Value of These Measurements in Early Pulmonary Diseas: 


From the observations recorded, it is evident that, in cases of sus- 
pected phthisis, considerable doubt is thrown on the values of these 
measurements as a further aid in diagnosis. 

In our hospital cases, the class of individuals in whom phthisis is so 
often suspected before other physical signs are positive, it was shown 
that a capacity as low as 190 cubic inches is consistent with a normal 
lung. 

In conditions of debility and anemia, low values may be the result 
of muscular weakness. 

It is not conceivable that, in this early stage of the disease, the actual 
loss of lung tissue itself would influence the lung capacity to any notice- 
able degree. The cough which may accompany this stage of the disease 
may, by means of the irritation, prevent the full muscular effort which 
results in thoracic enlargement. 

We quote this most striking illustration of the negative value of the 
measurements in early phthisis: A pilot, 43 years old, complained of a 
slight morning cough. There was very little expectoration. He was 


somewhat worried about the cough, but otherwise said he had never felt 
better. There was no loss in weight. There were definite signs at the 
right apex and many tubercle bacilli in the sputum, yet his chest ex- 


pansion was 3.5 inches and his lung capacity measured 260 cubic inches. 


CONCLUSIONS 


The measure of chest expansion has no constant direct relation to 
the lung capacity and by itself is of comparatively little value as one of 
the methods of physical examination. Large measures only indicate 
good development of the muscles which expand the chest. Owing to in- 
dividual variations, normal standards can not be adopted. It is prob- 
able, however, that an expansion of from 2 to 2.5 inches will permit the 
maximum capacity under ordinary conditions of health. 

In normal individuals the measure of lung capacity varies direct]\ 
with the muscular development, provided the individual breathes proper- 
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ly. Erroneous conclusions may be drawn from spirometer readings 
unless special attention is given to the method of breathing. Capacities 
of 190 cubic inches, and possibly less, are consistent with normal lungs. 

With both measurements large values only indicate good muscular 
development. Low values indicate inferior muscular development or 
improper breathing. 

In suspected pulmonary disease, very little, if any, additional aid in 
diagnosis is obtained by these measurements. The only positive value 
of the measurements is the aid in determining whether or not the per- 
son is breathing properly, and whether or not the muscles of respiration 
are properly developed. 


71 Marlboro Street. 


THE DISTRIBUTION OF TUBERCULOUS LESIONS IN 
INFANTS AND YOUNG CHILDREN 


A STUDY BASED ON POSTMORTEM EXAMINATIONS * 


MARTHA WOLLSTEIN, M.D. 
NEW YORK 


{From the Pathological Laboratory of the Babies’ Hospital] 


In view of the interest and importance of the question concerning 
the manner of infection and the localization of tuberculous lesions in 
the human subject, it seemed that the analysis of the autopsy material 
at the Babies’ Hospital of the City of New York would prove of value 
in showing the facts in the cases of a number of city-bred infants and 
young children, the great majority from the most crowded and unhy- 
gienic tenement districts, badly fed and badly cared for before entering 
the hospital in all stages of tuberculosis. 

From October, 1889, to July, 1908, 1,131 autopsies were performed, 
of which 185, or 16.4 per cent., showed tuberculosis of one or more 
organs. The hospital admits children under 3 years only, and the rec- 
ords show that 60 per cent. of all admissions are of infants under 1 
year of age, and that the death rate is exactly three times as high among 
these young babies as it is among the children from 1 to 3 years old. 
Of all the autopsies performed, 78 per cent. were on infants under 1 
year, and 26 per cent. on infants under 3 months of age, while only 5 
per cent. were on children older than 2 vears, including four who were 
4 years old. 

From the 185 cases of tuberculosis we learn that 12 per cent. of all 
infants under 1 year of age coming to autopsy showed tuberculous 
lesions, while 36 per cent. of those between 1 and 2 years, and 32 per 
cent. of those over 2 years, were so affected. Of infants under 3 months 
of age, but 1.8 per cent. had tuberculosis. These figures are rather 
higher than those reported by Frébelius' (2.2 per cent.), Orth? (3.4 


*Read at the Pefiatrie Section of the International Congress on Tuberculosis, 
Washington, Sept. 28, 1908. 

1. Frébelius (W.): Ueber die Hiiufigkeit der Tuberkulose und die haupt 
siichlichen Localizationen im zartesten Kindesalter. Jahrb, f. Kinderh., 1886, 
xxiv, 47. 

2. Orth (J.): Ueber einige Zeit- und Streitfragen aus dem Gebiete der Tuber 
culose. Berl. klin. Wehnschr., 1904, xli, 265. 
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per cent.), Kossel* (6 per cent.) and Sehlbach* (7.8 per cent.) in 
babies under 1 year of age and approach more nearly those of Ham- 
burger® (15.4 per cent.) and Trépinski® (15 per cent.), whose second- 
year statistics (34.5 per cent.) also coincide closely with my own. 
Seventy-eight girls and 107 boys were affected in this series. 

The higher percentage of tuberculosis in young infants in these cases 
may be partly dependent on the fact that many nationalities are com- 
prised among them, living under climatic and other conditions which 
differ widely from those to which they have been accustomed in their 
native land, and that overcrowding and lack of cleanliness not only pre- 
dispose the infants to infection, but make the disease rapidly fatal. That 
tuberculosis is comparatively less frequent in the first than in the second 
year of life is borne out by these cases as well as by those hitherto re- 
ported. 

In analyzing this series of cases it seemed most rational to group 
them according to the relative age and distribution of the tuberculous 
lesions, with a view to deducing from such a classification such facts 
as became pertinent from its study. It is perfectly true that the locali- 
zation of the oldest lesion is not always synonymous with the point of 
entrance of the tubercle bacillus, and that the greater number of 
cases of extensive pulmonary as compared with intestinal tuberculo- 
sis by no means proves that all such cases result from aspiration 
rather than from ingestion of the bacilli. Important in this connection 


3. Kossel (H.): Ueber die Tuberkulose im friihen Kindesalter. Ztschr. f. 
Hyg. u. Infectionskrankh., 1896, xxi, 59. 

4. Sehlbach (P.): Ueber die Hiiufigheit der Tuberkulose und die beiden 
Hauptzeitpunkte der Ansteckung mit derselben im Siiuglingsalter. Miinchen, med- 
Wehnschr., 1908, lv, 322. 

5. Hamburger (F.): Zur Kenntniss der Tuberkuloseinfection im Kindesalter- 
Wien. klin. Wehnschr., 1907, xx, 1069. Comparing Hamberger’s figures for the 
first two years of life with my own, I find: 

First YEAR OF LIFE 


First Second Third Fourth 
Quarter. Quarter. (Quarter. Quarter. 
Hamburger ...... 4 per cent. 18 per cent. 23 per cent. 
Wollstein ........ 1.8 per cent. 11 per cent. 16 per cent. 23 per cent. 
Second YEAR OF LIFE 
First Half. Second Haif. 
Hamburger. . 40 per cent, 
.. 34 per cent. 44 per cent’ 


Thus both Hamburger’s figures from Vienna and mine from New York show a 
progressive number of tuberculous autopsies during the four quarters of the first 
year and during the second year of life. 

6. Trépinsky: Ein Beitrag zur Statistik und Anatomie der Tuberkulose im 
Kindesalter. Quoted by Fiirst (L.): Die intestinale Tuberkulose Infection mit 
besonderer Beriicksichtigung des Kindesalters. Stuttgart, 1905, Ferdinand Enke. 
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is the fact that has been proved by Orth,’ Ravenel. Herman" and 
others, that the tubercle bacillus may pass through the normal intestinal 
wall without any lesion resulting at that point. It may then produce 
tuberculosis in the mesenteric lymph nodes or it may become localized 
there for a shorter or longer period of latency, causing the lymphoid 
stage of tuberculosis described by Bartel and Spieler,’ which is a_pre- 
tuberculous stage of simple non-characteristic hyperplasia, the tuber- 
culous nature of which can be demonstrated only by means of animal 
inoculation with the suspected lymph nodes. The studies of Bartel and 
Newmann" show that in the cervical and mesenteric nodes the lymphoid 


stage tends to be more marked than in the bronchial nodes, which present 


a greater tendency to cheesy degeneration than do the mesenterics. This 
latter point is fully borne out by the observation of my cases. 

According to the lesions found in my cases, they may be grouped as 
follows: 

I. Those showing pulmonary lesions only. 

II. Those showing bronchial lymph node lesions only. 

III. Those showing pulmonary and bronchial node lesions. 

IV. Those showing pulmonary and bronchial node lesicns as the 
most advanced lesion of a generalized tuberculosis. 

V. Those showing intestinal and mesenteric lymph node lesions only. 

VI. Those showing intestinal and mesenteric lymph node lesions as 
the most advanced of a partially generalized tuberculosis. 

VII. Those showing intestinal and mesenteric lesions as the most 
advanced in a completely generalized tuberculosis. 

No ease of congenital tuberculosis occurred. Two subjects were 7 
weeks old, the youngest in the series. In one the lungs and bronchial 
Ivmph nodes were affected, while a few early splenic tubercles gave evi- 
dence that hematogenous generalization had begun. The other presented 
a very generalized tuberculosis, the bronchial lymph nodes showing a 
more extensive cheesy degeneration than the mesenteric nodes, and the 
pulmonary lesion being more advanced than any other. The child's 


7. Orth (J.): Zur Frage der Infektionswege der Tuberkulose. Sechste In- 
ternat. Tuberkulose-Konferenz, Vienna, Sept, 19-21, 1907, p. 67. 

8. Ravenel (M. P.): Sechste Internat. Tuberkulose-Konferenz, Vienna. Sept 
19-21, 1907, p. 102. 

9. Herman (M.): Sur la pénetration du bacille tubereuleux a travers 
parois intestinale, Sechste Internat. Tuberkulose-Konferenz, Vienna, Sept. 19-21, 
1907, p. 103, 

10. Bartel (.J.) and Spieler (F.): Der Gang der natiirlichen Tuberkulosein 
fektion beim jungen Meerschweinchen. Wien. klin. Wehnsehr., 1906, xix, 25 

11. Bartel (J.) and Neumann (W.): Ueber experimentelle Inhalationtube: 
kulose beim Meerschweinchen. Wien. klin., Wehnsechr., 1906, xix, 167 and 213 
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mother had died of “consumption” during the second week of the infant’s 


life. 
I. PULMONARY LESIONS ONLY 


There were four such instances, the tuberculosis in each case being 
limited to one lung, and consisting of miliary tubercles in two, of an 
area of cheesy pneumonia in another, and of several small cheesy peri- 
bronchial nodules in the fourth. These cases were unquestionably of in- 
spiratory origin. The bronchial lymph nodes were swollen but without 
macroscopic or microscopic evidence of tuberculosis. Animal inocula- 
tions were not made. 


II. BRONCHIAL LYMPH NODES ONLY INVOLVED 


In one subject, 8 months old, several nodes at the root of the right 
lung showed tubercles with cheesy degeneration. No other sign of tuber- 
culosis was found in any organ, and the case was grouped as one due 
to inhalation, since the lung, like the intestine, may allow the tubercle 
bacillus to pass through without localizing there. 


III. LUNGS AND BRONCHIAL NODES INVOLVED ALONE 


Thirteen cases of this kind were noted, in which the tuberculous 
process was limited to the lungs and bronchial nodes, all other organs 
being free. It has very naturally been our custom to group these as 
cases of inhalation tuberculosis, and the view of both Weichselbaum** 
and Weleminsky,’* who look on all cases involving the bronchial nodes 
together with the lungs as of digestive origin (since the primary lesion 
in the mesenteric or cervical nodes may be in the lymphoid stage, demon- 
strable by animal inoculation only; or else even this may have entirely 
disappeared and the primary lesion be cured instead of latent) seems to 
me not only far-fetched and unnecessary, but, in the light of Gaffky’s** 
studies, untenable. Moreover, Oettinger™® has shown that, after feeding 
experiments, when bacilli have entered the blood or lymph stream by 
way of the intestine and mesenteric lymph nodes, other viscera, especially 
the liver and spleen, must contain bacilli as well as the lungs; and if, 
after such experiments, the lungs alone are involved, then infection did 
not take place by way of the circulation, but directly by aspiration. 


12. Weichselbaum (A.): Ueber die Infektionswege der menschlichen Tuber- 
kulose. Sechste, Internat. Tuberkulose-Konferenz, Vienna, Sept. 19-21, 1907, p. 11° 

13. Weleminsky: Sechste Internat. Tuberkulose-Konferenz, Vienna. 

14. Gaffky (G.): Zur Frage der Infektionswege der Tuberkulose, Tuber- 
kulosis, Berlin, 1907, vi, 437. 

15. Pettinger: Die Disposition der Lunge zur Erkrankung an Tuberkulose, 
Ztschr. f. Hyg. u. Infectionskrankh., 1908, Ix, 557. 
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Ostermann** concludes from his recent examinations of the hands of 
persons in infected dwellings that contact infection in human beings 
must not be overestimated and that aspiration tuberculosis is by far 
more common; it is also more rapid in its development. Reichenbach 
confirms the latter statement, showing that the results of the inhalation 
method of tuberculous infection are both more rapid and more severe, 
at the same time requiring smaller doses of tubercle bacilli than does the 
contact method of infection. 

According to Heymann’s’’ experiments, tubercle bacilli are found in 
the lungs and bronchial glands one hour after the inhalation of large 
doses. 

Fliigge’s"® experiments show that tubercle bacilli reach the lungs very 
slowly by way of the intestinal tract and that relatively very large doses 
of tubercle bacilli are required to cause infection by way of the intestine, 
while exceedingly small numbers will, in the moist state, cause pul- 
monary tuberculosis when inhaled, as previously proved by Findel.*® 
Since, as Most®® and Beitzke** have shown, anatomically the tracheo- 
bronchial lymph nodes are not connected with the cervical lymph nodes, 
on the one hand, or with the abdominal lymph nodes, on the other, sec- 
ondary infection of the bronchial nodes is possible only by way of the 
blood stream after the abdominal lymphatics have emptied their tubercle 
bacilli into the thoracic duct, or a blood vessel, in the process of degen- 
eration of the nodes, has been entered directly. 

Gaffky** examined the bronchial and mesenteric lymph nodes ob- 
tained at 300 autopsies on children up to 13 years of age, inoculating 
the nodes into guinea-pigs and then testing the isolated tubercle bacilli 
for their bovine or human type. Thirty-six cases were microscopically 
tuberculous, of which 27 were proved to be so by inoculation experi- 
ments. In 17 of these both mesenteric and bronchial] glands were af- 


16. Osterman (A.): Die Bedeutung der Kontakt infection fiir die Ausbreitung 
der Tuberkulose, namentlich im Kindesalter. Ztschr. f. Hyg. u. Infectionskrankh., 
1908, Ix, 375. 

17. Heyman (B.): Versuche an Meerschweinchen iiber die Aufnahme inhal- 
ierter Tuberkelbacillen in die Lunge. Ztschr. f. Hyg. u. Infectionskrankh., 1908, 
Ix, 490. 

18. Fliigge (C.): <Aetiologie der Tuberkulose, Sechste Internat. Tuberkulose 
Konferenz, Vienna, Sept. 19-21, 1907, p. 46. 

19. Findel (H.): Vergleichende Untersuchungen iiber Inhalations und Fiit- 
terungstuberkulose. Ztschr. f. Hyg. u. Infectionskrankh., 1907, Ixii, 104. 

20. Most (A.): Die Topographie der fiir die Infektionswege den Lungen 
tuberkulose massgebenden Lymphbahnen, Sechste Internat. Tuberkulose-Kon- 
ferenz, Vienna, 1907, p. 132. 

21. Beitzke (H.): Neuere Arbeiten iiber die Infektionswege der Tuberkulose 
Berl. klin. Wehnschr., 1908, xlv, 1225. 
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fected, in 5 only the bronchial nodes, and in 5 only the mesenterics. 
In 30 other cases tubercle bacilli were found, 6 in the mesenterics, 12 in 
the bronchial nodes and 12 in both. In these 57 cases the bovine type 
of tubercle bacillus was found only twice and then in the bronchial and 
not in the mesenteric nodes. From his work Gaffky concludes that it is 
the human and not the bovine type of tubercle bacillus which is danger- 


ous for children. 


IV. PULMONARY OR BRONCHIAL LYMPH NODE LESIONS OR BOTH AS THE 
MOST ADVANCED LESIONS IN A GENERALIZED TUBERCULOSIS 


These cases may be subdivided into two classes: 

1. The Tuberculosis in the Lymph Nodes More Advanced than that 
in the Lungs.—In 25 cases the pulmonary tuberculosis was of the acute 
miliary variety, but the bronchial lymph nodes and the mesenterics both 
showed such marked cheesy degeneration that it was not possible to de- 
cide macroscopically or microscopically as to the comparative age of the 
two. In 3 others the mesenteric nodes were cheesy, though no intestinal 
ulceration had occurred. In 8 cases there were normal intestines and 
mesenteries, though liver and spleen contained tubercles. These were 
grouped unhesitatingly as of pulmonary origin, and one case with intes- 
tinal ulcers but unchanged mesenterics was looked upon as a secondary 
intestinal infection from swallowed sputum. 

2. Tuberculosis in the Lung the Oldest Lesion.—In 83 cases of gen- 
eralized tuberculosis in which the lungs were the seat of cheesy nodules, 
cheesy pneumonia, or cavity formation, the mesenteric lymph nodes were 
cheesy as well as the bronchial nodes and ulcers were present in the in- 
testines. ‘Twenty-six subjects had normal mesenterics and intestines, 5 
had cheesy mesenterics without intestinal lesions, and 5 had normal 
mesenterics with ulcers in the intestines. Again the probable inhalation 
cases predominated. 


V. INTESTINES AND MESENTERIC LYMPH NODES ALONE INVOLVED 


But one such case occurred. It was that of a boy 22 months old. 
Twelve tuberculous ulcers were found in the jejunum and ileum, only 
one involving the peritoneal coat and undergoing cicatrization. But 
four ulcers were recent. The mesenteric nodes were all enlarged and 
the majority contained tuberculous areas. No other tubercles were 
found at autopsy, but on microscopic examination the spleen showed 


very recent ones within the Malpighian bodies. From the mesenteric 
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nodes of this subject Dr. Alfred I. Hess** isolated tubers le haeilli of the 
human type. 


VI. INTESTINAL AND MESENTERIC LESIONS AS TITE MOST ADVANCED OF A 
PARTIALLY GENERALIZED TUBERCULOSIS 

There were five such instances: 

1. Boy, 2 Years Old.—A tuberculous ulcer in the Peyer's patch above 
the ileocecal valve extended to the peritoneal coat, to which a cheesy 
lvmph node was adherent; two other younger ulcers were in the ileum; 
all mesenterics were swollen and the majority contained cheesy tubercles. 
A few tubercles in the pia mater over both cerebral hemispheres were the 
only other evidence of tuberculosis in the body. 

2. Boy, 2 Years Old.—One early tuberculous ulcer in the ileum and 
two in the cecum. Most of the mesenterics contained cheesy tubereles ; 
one had become softened; miliary tubercles in pia mater, liver and lower 
lobe of right lung; bronchial nodes not tuberculous. 

3. Boy, 14 Months Old.—One ulcer in the jejunum involved the peri- 
toneum; two in the ileum; the majority of the mesenterics were cheesy 
and one had broken down; there were recent tubercles in spleen and 
liver. 

4. Boy, 11 Months Old.—There were two recent tuberculous ulcers 
in the jejunum and two healing ones in the ileum; several solitary 
follicles in the cecum were cheesy. Many mesenteric lymph nodes 
contained cheesy tubercles, and one a calcareous area. One bronchial 
node showed a small, calcareous spot, and another showed several cheesy 
tubercles. A two-fold origin, bv aspiration and by ingestion, seems to 
he the only rational explanation in this ease. 

5. Boy, 1 Year Old.—The patient was admitted with stomatitis and 
discharging (operation) wound over the left submaxillary gland. There 
was no history of tuberculosis in his family. All the cervical lymph 
nodes became enlarged: the stomatitis and gingivitis were very severe: 
pulmonary signs only ten davs before death. At autopsy all the cervical! 
nodes were found to have undergone cheesy degeneration, and the left 
submaxillary gland contained cheesy areas. Miliary tubercles were pres- 
ent in both lungs, liver, spleen and omentum: nine tuberculous ulcers 
in the jejunum and ileum: tubercles in the bronchial and mesenteric 
lvmph nodes, but no large areas of cheesy degeneration. This may be 
looked on as a case of deglutition tuberculosis. The ingested bacilli af- 

22. Hess (A. F.): Primary tuberculosis of the mesenteric glands. Report 


of infections with bacilli of the human type. Am. Jour, Med. Se., 1908, exxxvi, 
183. 
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fected the submaxillary gland and the cervical ]ymph nodes by way of the 
lymphatics of the mouth and pharynx and the intestines and mesenterics 
by being swallowed. Generalization by the blood current resulted from 
both the cervical and the mesenteric nodes, and hematogenous infection 
of the lungs and other viscera followed. That the tonsils and gums were 
not examined in this case is a matter of great regret. 


VII. INTESTINAL AND MESENTERIC LESIONS AS THE MOST ADVANCED IN A 
COMPLETELY GENERALIZED TUBERCULOSIS 


Only two cases occurred in this series in which the intestinal lesions 
were so extensive and advanced that the possibility of their being the 
oldest of a completely generalized tuberculosis presented itself. 

It is evident that in my entire series of 185 cases there were but six, 
or 3.25 per cent., which may be positively classified as primary intestinal 
tuberculosis. Only one affected an infant less than 1 year of age. Bo- 
vaird,”* in 1901, found that American statistics showed only 1 per cent. 
of primary intestinal tuberculosis against 4 per cent. of German cases 
and 18 per cent of English. 

Medin** found, among 595 autopsies on tuberculous infants under ] 
year of age, but six cases of primary intestinal tuberculosis, while in 273 
the tuberculous process involved the lungs and bronchial lymph nodes 
alone. German authorities as a rule agree that cases of primary intes- 
tinal infection in infants and young children are rare. Hamburger® 
found no case among 335 autopsies on tuberculous children. Heller*® is 
an exception, having found primary intestinal infection in 30.63 per 
cent. of his cases. English statistics on this subject are also high, Still** 
reporting 29 per cent. Fiirst®* estimates that about 160 cases of primary 
intestinal tuberculosis have been reported, including both adults and 
children. 

No case in my series showed involvement of the mesenteric lymph 
nodes as the only evidence of tuberculosis at autopsy. In eight instances 


23. Bovaird (D. Jr.,): Primary intestinal tuberculosis in children; its fre- 
quency and the evidence of its relation to bovine tuberculosis. Arch. Pediat., 
1901, xxviii, 881. 

24. Medin (O.): Die Furch vor der Vebertragung der Tuberkulose und die 
Kinder durch die Kuhmilch ist unbegriindet Sechste Internat. Tuberkulose-Kon- 
ferenz, Vienna, 1907, p. 120. 

25. Heller (A.): Ueber die Tuberkuloseinfection durch den Verdaunngskanal. 
Deutsch. med. Wehnschr., 1902, xxviii, 696. 

26. Still (G. F.): Tuberculosis in childhood. Practitioner, London, 1901, 
xiv, 91. 

27. Fiirst (L.): Die Intestinale Tuberkulose-Infektion mit besonderer Beriick- 
sichtigung des Kindesalters, Stuttgart, 1905, Ferdinand Enke. 
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the mesenterics had undergone cheesy degeneration without the presence 
of ulcers in any part of the intestinal tract. In all of these there were 
marked pulmonary and generalized tuberculosis, and the initial lesion, 
according to Weichselbaum,’* Weleminsky,** von Behring** and Cal- 
mette,*® may be assumed to be in the mesenteric lymph nodes. 

The ulcers in the intestines were found to be most frequent and most 
advanced in the lower ileum, especially in the last Peyer’s patch above 
the ileoceca! valve. Ulcers were found above this point more often than 
below it, being present in the jejunum and ileum more frequently (in 
35 instances) than in the ileum and cecum (in 28 instances). The 
jejunum, ileum and cecum were involved in 14 cases. The two ends of 
the intestinal tube were scarcely involved at all, ulcers being found in 
the rectum but twice and in the duodenum four times, but never alone. 
The gastric ulcers noted in 4 cases were superficial only. Geipel®® also 
describes gastric ulcers in 6 of his cases as superficial and not confluent. 

In the kidneys young miliary tubercles were found in 67 cases, al- 
most always in both organs. The tubercles were in the main few in 
number and localized in the boundary zone between the cortex and 
medulla, or in the cortex beneath the capsule; in either case of hema- 
togenous origin. Very smal] conglomerate cheesy tubercles were found 
in 5 cases, but again they were in the boundary zone and encroached on 
both cortex and medulla. The calyces and pelvis were invariably free 
from tuberculous infection. 

The pulmonary lesions varied much, there being recent, discrete, mil- 
iary tubercles; conglomerate tubercles forming cheesy nodules of smaller 
and larger size, sometimes peribronchial in distribution; larger areas of 
cheesy pneumonia with or without cavity formation due to softening. 
Sometimes al] these varieties were found in the lungs of a single subject. 
The oldest lesion in the lung was found on the right side in 95 cases, 
on the left in 66, and equally in both lower lobes in 3. The right upper 
lobe was involved rather more often than the middle or lower lobes. The 
lungs were free from tuberculosis in only 7 instances. 

Cavity formation was noted in 39 cases, 6 involving more than one 
lobe. The cavities occurred more often on the right (in 26 instances) 
than in the left lung (in 19 instances), and more often in the upper and 
middle than in the lower lobes. 
28. Von Behring (E.): Leitsiitze betreffend die Phthisiogenese bein Menschen 
und bei Thieren. Berl. klin. Wehnschr., 1904, xli, 90. 

29. Calmette (A.) and Guérin (C.): Origine intestinale de la tuberculose 
pulmonaire. An. de I’Inst. Pasteur, Paris, 1905, xix, 601; 1906, xx, 353. 


30. Geipel (P.): Ueber Siiuglingstuberkulose. Ztschr. f. Hyg. u. Infections- 
krankh., 1906, liii, 1. 
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In the case of the bronchial lymph nodes the largest were found on 
the right side in 97, on the left side in 34 cases. This preponderance of 
the right over the left-sided pulmonary and bronchial lymph node tuber- 
culosis is attributable to the purely mechanical fact that the right main 
bronchus is slightly shorter and bends away from the trachea less than 
does the left; therefore aspiration is facilitated in the direction of the 
right lung. 

The mediastinal lymph nodes were markedly affected in 38 cases, the 
cervical in 6 and the retroperitoneal in an equal number. While casea- 
tion was the rule in all these variously situated lymph nodes, and suppu- 
ration was more common in the bronchial than in the mesenteric nodes, 
calcareous change was found but once in a mesenteric and five times in a 
bronchial lymph node, showing that the tendency of the tuberculous 
process in the lymph nodes of these young children is toward progressive 
degeneration rather than toward healing. Geipel*® also found calcareous 
deposits unusual in the tuberculous lesions of infants. 


SUMMARY 


In this series of 185 cases showing tuberculosis at autopsy there were 
13 in which the tuberculous lesions were limited to the respiratory tract, 
and only 1 involving the intestines alone. The point of entrance for the 
tubercle bacillus in these 14 cases was clearly in the lungs 15 times and 
in the intestinal tract once. 

Four additional cases were of undoubted intestinal origin, 40 of res- 
piratory origin and 1 of mixed respiratory and intestinal infection. 

In the more advanced generalized cases 10 were possibly of intestinal 
origin, including 8 in which the mesenteric lymph nodes were involved 
without a tuberculous lesion of the intestines. 

In the majority of cases of extensively generalized tuberculosis in 
voung children the exact point of entrance must remain in doubt. Al- 
though the lungs were involved more frequently than any other organ (in 
%6 per cent. of all cases), this proves their marked predisposition to 
tuberculosis rather than their primary infection. 

This study shows how comparatively rare undoubted cases of intes- 
tinal tuberculosis were in this series of infants and children under 3 
vears of age; and how, even when due allowance has been made for all 
doubtful cases, tuberculosis of respiratory origin predominated over that 
due to ingestion of the bacillus in these subjects. 
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TABLE.—LOCALIZATION OF LESIONS IN INDIVIDUAL ORGANS 


Organs Affected. -Lesions.—_—— 
Pia Mater........ Tubercles only, 21; tubercles and inflammatory exudate, 44 
ee Solitary tubercle, 5, largest in right Sylvian fissure; 3 in 
occipital, 1 in frontal. 

Pleura. .. Tubercles, 60; with empyema, 9; with bloody serous fluid, 10; 
chronic pleurisy, 29; acute tibrinous, 39. 

Lung... . Miliary tubercles only, 41; miliary tubercles and cheesy 
nodules, 54: cheesy pneumonia, 51; cavities, 39 

Pericardium......Tuberculous pericarditis at base, with one tubercle on pul 
monary artery, 2. 

Liver..... .. Tubereles, 157. 

Spleen... . Tubercles, 161, 

Stomach... . Uleers, single in 3; double in 1; all superficial. 

Duodenum.. . Ulcers, with jejunum, 1; with ileum, 1; with ileum and 


cecum, 1. 


Jejunum..... Uleers alone, 7; with ileum, 35; with colon, 2; with ileum and 
cecum, 14. 

Ileum.... Uleers alone, 21; with jejunum, 35; with cecum, 24; with 
colon, 3; cheesy sol. fol., 1. 

Cecum... .....Uleers alone, 5; with ileum, 24. 

Colon .... Uleers, with jejunum, 2; with ileum, 3 

ae Uleers, 2, with ileum. 

Pancreas ...... .. Cheesy masses, 4, 

Suprarenals.......Tubercles, 5; microscopic only, in 1. 

Kidneys...... Tubercles, 67; small cheesy masses, 5. 

Tubercles, with cheesy degeneration, 5. 


Tubercles, with cheesy degeneration, 1. 


Submaxillary .... 
Tubercles, with cheesy degeneration, 147; suppuration, 24; cal 


Bronchial nodes... 

careous degeneration, 5, 

Mesenteric nodes. .Tubercles, with cheesy degeneration, 131; suppuration, 3; cal 
careous degeneration, 1. 


Cervical nodes... ..Tubercies, with cheesy degeneration, 6 


Retroperitoneal 
Tubercles, with cheesy degeneration, 6. 


Mediastinal nodes..Tubercles, with cheesy degeneration, 38 
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PRIMARY PORTAL THROMBOSIS 


A STATISTICAL AND EXPERIMENTAL STUDY, WITH REPORT OF A CASE 
DEAN D. LEWIS, M.D., ano E. C. ROSENOW, M.D. 
CHICAGO 

Thrombosis of the portal vein or its radicles is not uncommon as 
the terminal event in the clinical course of a number of different lesions 
affecting the abdominal viscera and vessels. 

Lissauer? found that portal thrombosis occurred 68 times among 
26,687 cases which came to autopsy at the University of Breslau. In 6 
of the 68 cases the thrombosis was associated with atrophic cirrhosis of 
the liver; in 7, with syphilis of the liver; in 2, with primary carcinoma 
of the liver; in 7, with carcinoma of the stomach, accompanied by me- 
tastatic growths in the liver; in 2, with secondary carcinoma of the 
liver; in 6, with primary carcinoma of the biliary passages; in 9, with 
gallstones and inflammatory lesions of the gall bladder; in 10, with 
diseases of the pancreas; in 1, with suppurative inflammation of the 
umbilical vein; in 6, with diseases of the spleen; in 6, with gangrenous 
appendicitis; in 2, with carcinoma of the intestines; in 1, with a pelvic 
abscess, and in 3, with no definite cause. 

In most of these cases of so-called secondary thrombosis the symp- 
toms associated with the primary lesion have so masked those associated 
with the thrombosis that the latter has been overlooked entirely, clinic- 
ally, or has been regarded as merely probable. 

Primary thrombosis of the portal vein or its radicles is rare. Under 
this term are grouped those cases of thrombosis of the portal vein or its 
radicles which have occurred independently of any lesion of the abdomi- 
nal viscera or vessels, not including, of course, those of the portal sys- 
tem.* There are a few cases in which the primary lesion in the intes- 
tine or adjacent lymphatic nodes have given rise to no symptoms, and 
in which the character of the clinical picture has depended entirely on 
occlusion of the portal vein or its radicles. These cases will be included 
in this paper. 


1. Lissaner (L.): teitrag zur Frage der Entstehung der Pfortader-Throm- 


bose. Virchow’s Arch. f. path, anat., 1908, execii, 275 

2. 'The cases observed by Greenough, Codman and Mauclaire and Jacoulet have 
not been included. They were probebly cases of primary portal thrombosis, but 
as autopsies were not held the possibility of primary lesions in other organs or 
vessels can not be excluded. 
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Talke,* in 1903, collected from the literature 8 cases of thrombosis 
of the portal vein or its mesenteric radicles which had been operated on. 
Up to the present time, including the case about to be discussed, 21 cases 
have been reported, in which an operation has been performed and a 
thrombosis of the portal vein or its radicles demonstrated at the opera- 
tion or subsequent autopsy. 

ETIOLOGY 


The average age of the seventeen patients whose age is mentioned is 
thirty-seven and one-half years. The youngest patient was twenty years 
old, the oldest sixty-five. The lesion occurred eleven times in the male, 
six times in the female sex. In four cases neither age nor sex is men- 
tioned. Nothing definite can be said concerning the direct cause of the 
thrombosis. The relationship between the previous illnesses, between 
the conditions found at operation or autopsy and the thrombosis must 
be regarded as assumed rather than proved. The patient operated on by 
Elliot* had a hernia, which had become incarcerated, but the hernia had 
been reduced ten months before the beginning of the symptoms due 
to portal thrombosis and had given no trouble in the meantime. Trau- 
matism of the portal vein with subsequent thrombosis can certainly be 
excluded in this case. Frank’s® patient had varicose veins and ulcers 
on the lower extremities. One of Késter’s® patients had had, some years 
before the portal thrombosis, a severe diarrhea which had persisted for 
some time, while another patient observed by him had had typhoid fever 
two months before. The patient observed by K6élbing had had typhoid 
fever some years before, but gave no history suggesting a subsequent 
thrombophlebitis. One of the patients operated on by Garré’ gave a 
history of a spontaneous thrombosis of the veins of the right thigh three 
vears before the beginning of the portal thrombosis. In one of the cases 
observed by Sprengel* a definite history of thrombosis of one of the 
large veins of the left upper extremity could be elicited, and at the 
autopsy the left subclavian vein was found to be occluded at its junction 
with the jugular. 


3. Talke (L.): Ueber Embolie und Thrombose der Mesenterialgefiisse. Beitr. 
z. klin. Chir., 1903, xxxviii, 743. 

4. Elliot (J. W.): The operative relief of gangrene of the intestine due 10 
occlusion of the mesenteric vessels. Ann. Surg., 1895, xxi, 9. 

5. Cited by Elliot: Ann. Surg., 1895, xxi, 9. 

6. Késter (H.): Zur Casuistik der Thrombose und Embolie der grossen 
Bauchgefiisse. Deutsch. med. Wehnschr., 1898, xxiv, 325. 

7. Reported by Talke: Beitr. z. klin. (.ir., 1903, xxxviii, 743. 

8. Sprengel: Zur Pathologie der Cirenlationstérungen im Gebiet der Mesen- 


terialgefiisse, Arch. f. klin. Chir. 1902, Ixvii, 587 
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It has been suggested that in cases such as those described by Garré 
and Sprengel there might exist a predisposition to endophlebitis and 
thrombus formation. The frequency with which a history of a preced- 
ing enterocolitis or an infection such as typhoid fever could be elicited 
in these cases is rather striking. No blood cultures were taken in the 
cases mentioned above and no bacteriologic examinations of the throm- 
bus were made. The bacteriologic findings in the case observed by us 
seem to show that bacteria may circulate in the blood for a long period 
after the patient’s convalescence from the original illness and produce 
later lesions, such as a pylephlebitis. It seems probable that a number 
of the cases of so-called primary pylephlebitis may be regarded as the 
sequel of enterocolitis which permitted the invasion of the radicles of 
the portal vein by bacilli of the colon group and healed before the symp- 
toms resulting from occlusion of the vein developed. We believe that 
the case observed by us may be regarded as one of metapneumonie pvyle- 
phlebitis. the involvement of the portal vein occurring five months after 
an attack of pneumonia. One of the cases observed by Koster should 
probably be regarded as a posttyphoid complication, thrombosis of the 
portal vein occurring two months after an attack of typhoid fever. The 
case observed by Bradford has been placed in this group because the 
clinical picture depended on the closure of the portal vein. In the case 
observed by him a suppurating mesenteric lymph node rested on one of 
the radicles of the vein. which later became involved. 

The length of duration of symptoms is quite striking in some cases. 
Elliot’s patient had complained of some abdominal pain for fourteen 
days. Then while he was playing ball the pain became excruciating and 
within twenty-four hours the symptoms of ileus were well marked. The 
development of the symptoms may be illustrated by citing in detail the 
case observed by us. 

\UTILORS” CASE 

History.—The patient, A. H. B., aged 38, was referred to us by Dr. Rikli of 
Naperville, Ill. He was taken sick April 30, 1908, with severe, cramp-like pains 
in the epigastrium. The pain developed suddenly and spontaneously while the 
patient was at work. It lasted but a few moments and then ceased, leaving no 
discomfort. Pain, similar in character to that just deseribed, recurred the fol- 
lowing morning at 7 and 11 and in the afternoon at 4. It had now become so 
severe that the patient was compelled to go to bed. A diagnosis of gastralgia 
was made at this time. The pain recurred the following morning. Two days 


after the beginning of the illness a stomach tube was passed and gastric lavage 
performed. Examination of the gastric juice, made at this time, revealed an ab 


sence of hydrochloric acid, a trace of blood, and shreds of gastric mucous mem 
brane. The pains still recurred at intervals of from two to three hours and lasted 
from fifteen to thirty minutes. They were cramp-like in character and were most 
severe in the epigastrium, not radiating to any extent. Morphin was now re 
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quired to control the pain. The patient did not vomit during the attacks of pain 
until after admission to the hospital. The bowels moved freely after the adminis 
tration of cathartics. When admitted to the hospital on the morning of May 6, 
1908, the patient was suffering paroxysmal attacks of pain such as accompany an 
obturation ileus. 

Examination.—Temperature was 100.4 F.; pulse, 92 to 112; respiration, 28; 
leucocytes, 21,600. A history of pneumonia five months before and of slight grip 
ing pain in the epigrastrium six weeks ago could be elicited. The patient had 
been enjoying good health up to the beginning of present illness, It was thought 
at the time of the patient’s admission that he might be suffering from pertfora 
tion of a gastric ulcer. An ulcer could be excluded by the previous history. 
There were no distinct symptoms of peritonitis. As there were no indications 
tor immediate operative interference, it was thought best to keep the patient under 
observation. When seen at night the abdominal distention, which had been noted 
in the morning, had become more marked. There was considerable epigastric ten 
derness and the muscles were distinctly rigid. The pulse had become rapid and 
wiry and the patient complained of paroxysms of agonizing epigastric pain. The 
clinical picture was suggestive of a paralytic ileus associated with an acute pan 
creatitis or an ileus accompanying an atypical appendicitis. 

Operation.—As the condition of the patient had become much worse, it was 
thought best to perform an exploratory laparotomy. Because of the distention 
and tenderness in the epigastrium a mid-line incision was made midway between 
the umbilicus and xiphoid appendix. As soon as the peritoneum was opened a 
black loop of intestine two feet in length was found extending from above and to 
the left downward and to the right. There was no volvulus; there were no con 
stricting bands, and as the patient had an aortic systolic murmur it was thought 
that the lesion was the result of embolism of the superior mesenteric artery. The 
infarcted loop was resected and an end-to-end anastomosis made, 

The patient died after twelve hours, the gangrene having extended downward 
and having involved three feet of the intestine beyond the point of resection. 


AUTOPSY 


fnuatomic Diagnosis.—Recent laparotomy with resection of part of the smal! 
intestine, serofibrinous peritonitis, thrombophlebitis of the portal vein with se: 
endary thrombosis of the superior mesenteric and splenic veins; gangrene of civ 
small intestines with rupture; acute mesenteric and retroperitoneal lymphaden 
itis; acute splenitis; cloudy swelling of the liver, kidneys and myocardium; 
localized bilateral tibrous adhesive pleuritis ; slight sclerosis of the thoracic aorta 
occlusion of the vermiform appendix; healed tuberculosis of the apex of the left 
lung. 

Visceral Cavities —When the body was opened there was found a large amount 
of turbid, bloody fluid in the peritoneal cavity. A large black loop of bowel, ad 
herent to the omentum above and the bowel below, lay across the middle of the 
abdominal cavity. This loop of gangrenous bowel was the distal portion of a 
sutured piece of smal] intestine. The anastomosis was made 5 em. from the 
point at which the duodenum pierced the root of the mesentery. The gangrene 
extended downward three feet from this point. The line of demarcation from the 
normal intestine was well defined. On the anterior surface of the gangrenous 
loop was seen a longitudinal tear through which intestinal contents exuded. The 
mesenteric lymph nodes were large and soft. The appendix was short and lay 
free with a mesentery of its own, 5 em. in length. Within the pericardial cavity 
was seen a small amount of clear fluid. The pleural cavities contained no fluid 
The lower part of the left and the upper part of the right cavity were wholly 
obliterated by adhesions. The tracheobronchial lymph nodes were not enlarged 
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The heart was normal in size and its cavities were not enlarged. The myocardium 
was of normal color and consistency, but very friable; the endocardium was 
smooth throughout. The valves were unchanged. 

Superficial Examination of Organs.—Spleen: The spleen was large, weighing 
440 grams. Its surface was smooth. It was tense and of soft consistency. On 
the cut surface it had a grayish red color. The pulp was markedly swollen, but 
neither the Malpighian bodies nor the trabeculae were unusually prominent. The 
splenic artery appeared normal, but the splenic vein was filled throughout with 
an adherent, dark red clot. The stomach was normal in size and the pyloric 
opening was of normal] caliber. The mucous membrane was smooth throughout 
and the ruge were prominent; the superficial veins along the greater and lesser 
curvatures were filled with dark, soft clots of blood. 

Intestines: The lining of the duodenum was smooth and cuntained no areas of 
necrosis. ‘The jejunum and ileum contained dark bloody fluid but no areas of 
necrosis. The mucous membrane of both these portions of the intestine was red- 
dish black in color and was necrotic throughout. The mucous membrane of the 
large intestine was smooth throughout, but in the ascending colon it had a dark 
color. 

The intima of the superior mesenteric artery and its branches was smooth 
and the vessels contained no clots. The superior mesenteric vein and all of its 
branches were filled with dark red clotted blood. 

Liver: The liver was of normal size and appearance. It was soft in consist- 
ency. On cut surface it had a light grayish brown color. The portal vein and its 
branches within the liver contained soft red clots of blood. The intima in these 
places, where the caliber of the vessel was that of a slate-pencil or a little larger, 
was considerably roughened. 

There were no changes in the gall bladder. 

The pancreas appeared hyperemic; otherwise it was normal. The bladder, 
prostate and seminal vesicles, also the testicles, were unchanged. 

The kidneys were of normal size. The capsule stripped with difficulty, but on 
cut section the kidneys appeared normal. Both kidneys were pale in color and 
friable. 

The adrenals were unchanged. 

The Organs on Dissection-—Weart: The pericardium was greatly thickened and 
the cavity partially obliterated by firm and more easily separable adhesions. The 
endocardium showed no change except several small grayish areas, one at the base 
of the posterior leaflet of the mitral valve, 2 mm. long by 1 mm. broad and 1 mm. 
thick. The other area of about the same size was in the anterior leaflet 3 mm. 
from its free margin. They were smooth on the surface and covered by ende- 
thelium. They presented the appearance of a beginning endocarditis of hemat- 
ogenous origin. 

in the aorta about 1 cm. from the aortic valves were several small, rough cir- 
cumscribed, slightly elevated areas presenting the picture to the naked eve of 
ulcers. 

The coronary arteries were smooth. 

Liver: The liver appeared normal except for smal] elongated whitish areas, 
which radiated toward the center. One of these measured 1 by 1.5 by 2 em. On 
dissecting the liver by opening the radicles of the portal vein we came to whitish 
thrombi, which extended from the smaller veins into the larger ones for a vari- 
able distance; the longest was 5 mm. They were adherent to the inner lining and 
were composed of an enormous number of leucocytes, much fibrin and many Gram- 
positive diplocoeci. Several of the whitish areas when opened contained a thick 
pus. A probe could readily be passed from this cavity into the larger branches 
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of the portal vein, thus showing that the whitish areas were really dilated and 
thickened radicles of the portal vein and not abscesses. 

The peritoneum was smooth throughout. No lesion could be made out at site 
of subcutaneous injection. 

Kidneys, spleen and lungs showed no change. 


BACTERIOLOGIC REPORT 


Stained smears of the heart blood showed no micro-organisms, Cultures on 
blood-agar plates, in strontiumcarbonate-glucose-free-dextrose broth, and in milk 
yield a pure culture of a (sram-positive diplococcus. 

Portal vein blood smears showed a few Gram-pesitive diplococci and a fair 
number of Gram-negative short bacilli. Blood-agar plates suowed a large number 
of colonies resembling the Bacillus coli and an average of fifty small colonies per 
0.5 e.c. of blood surrounded by a greenish zone. These colonies on blood-agar 
plates were typical of those of the pneumococcus and were composed of the same 
Gram-positive diploeccus. This organism was al:o isolated on broth and milk. 
Cultures made from the portion of the thrombus which showed incipient softening 
in the portal vein within the liver gave similar results, except that the pneu- 
mococcus-like colonies were present in larger numbers.  Bacilli resembling ih 
colon bacillus were also isolated. 

Smears and cultures from a mesenteric gland, the pericardial fluid and the bile 
proved to be negative, even on media especially favorable to the growth of the 
pneumococcus. 

A small portion of the bloody intestinal contents contained in the gangrenous 
loop of bowel was plated out on blood-agar and plain agar plates. A pure cul- 
ture of the Bacillus coli communis was isolated. 

Further study of the Gram-negative moderate|y motile bacillus proved it to be 
the Bacillus coli communis. 

The Gram-positive diplococcus, isolated in pure culture from heart blood and 
in conjunction with the colon bacillus from the blood in the portal vein and the 
thrombus was found on further study never to cause hemolysis on blood-agar 
plates. A distinct, greenish halo forms around its small colonies, Subcultures from 
animals inoculated showed no hemolysis. The organism fermented inulin slowly 
when planted on litmus inulin agar. This property was lost after cultivation on 
blood-agar slants for two weeks. Colonies on bleod-agar slants tended to adhere 
to the surface for several generations. The bacteria grew in clumps and short 
chains in broth, litmus milk and in the water of condensation of the blood-agar. 

The growth on plain agar slants was very scant; the colonies did not coalesce. 
Litmus milk was acidified in twenty-four hours; almost decolorized and coagulated 
in forty-eight hours. A culture in plain broth to test its solubility by ox bile could 
not be obtained early. Two weeks later, when a growth was obtained, bile failed 
to dissolve the cocci. 

The individual organisms were somewhat smaller than the ordinary pneumo 
coccus obtained from the blood in cases of pneumonia. They did not possess 
demonstrable capsules and had a tendency to grow in short chains and clumps 
and in the fibrin clot when the blood was added to broth. After passing them 
through animals encapsulated lanceolate diplococci were demonstrated in the ani- 
mal’s blood, the tendency to become closely attached to the surface of blood agar 
as well as to form chains and clumps having disappeared. At the same time the 
virulence now was so great that animals died promptly after inoculation from 
overwhelming pneumococcemia as they do after inoculation with pneumococci from 
pneumonia. 
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The organism when first isolated was moderately and slightly more susceptible 
to phagocytosis by washed normal leucocytes in normal serum than in the pa- 
tient’s serum. 

Normal defibrinated blood and normal human serum as well had a decided bac- 
teriolytie effect, while the organism grew readily in the patient’s serum. 

Agglutination here was marked. Unfortunately it was not possible to test 
the effect of the patient's leucocytes on this organism 

ANIMAL EXPERIMENTS 

No. 157.—Large Belgian hare. May 13, 1908, inoculated with twenty-four 
hours’ blood-broth subculture of the pneumococcus (of the second generation) 
isolated from the heart blood; 10 ¢.c. injected intravenously, and 10 c¢.c. injected 
intraperitoneally and subcutaneously. 

May 14: The animal seemed ill. Blood cultures made from right ventricle. 

May 15: Average of 100 colonies per c.c. of blood on blood-agar plates. Or- 
ganism in stained specimen and in subcultures resembled exactly those originally 
isolated from the case. 

May 16: The animal seemed somewhat better. Blood cultures made. 

May 18: The hare seemed somewhat better. Blood cultures negative. 

May 24: The hare apparently was recovering; ate, but showed marked loss 
of weight. 

May 25: The animal seemed fairly well but was still lesing weight. 

May 30: The hare seemed much worse. Large swelling on the right upper 
lip measuring 1.5 by 2 by 2 cm. Blood culture made from vein of ear. 

June 1: Blood culture negative; swelling larger. The animal seemed worse. 

June 2: Hare dead, 

{utopsy.—Anatomic diagnosis: Acute osteomyelitis; adhesive and fibrinous 
pericarditis; incipient mitral and aortic endocarditis; descending thrombophlebitis 
of portal vein. 

The swelling in the left upper jaw was due to an osteomyelitis of maxilla. 
The pus from here was rich in leucocytes and Gram-positive diplococei. Cultures 
from the pus of upper jaw, blood and thrombi in the portal vein yielded pure 
cultures of pneumococci. 

Anotner rabbit receiving an intraperitoneal injection recovered; autopsy two 
months later proved negative. 

With the idea in mind that possibly the pneumococcus in this case might have 
gained access into the portal circulation by way of the hemorrhoidal vessels, 
although on close inquiry no history of rectal irritation could be elicited, I in 
jected a large amount of a culture into the rectums of two guinea-pigs, one with- 
out, the other with injury to the mucous membrane. Both animals recovered and 
a month and a half later were chloroformed and examined with negative result. 

Two guinea-pigs and one rabbit died of an overwhelming pneumococcemia in 
twenty-four hours after inoculation with the organism isolated after death from 
Animal 157. The organisms now presented the features of the pneumococcus 
cultivated from patients suffering with pneumonia. They resisted phagocytosis, 
were encapsulated in the blood, and no longer grew fast to the surface of media 
upon which cultivated. 

The animal experiment: would seem to establish quite thoroughly 
the etiologic réle which this organism must have played in the produe- 
tion of the thrombophlebitis. The susceptibility to phagocytosis, the 
mild virulence, the increased opsonic index of the serum, the marked 


growth and agglutination of the organism in the patient’s serum, as 


well as the peculiar cultural and morphologic properties, which are lost 
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by cultivation on media and animal inoculation, all are in exact accor 


lated from 


with similar observations made on strains of pneumococci iso 


cases of chronic septic endocarditis. These observations are not only in 


teresting from the bacteriologic standpoint as illustrating environmental : 


modification of bacteria, but are of great value in interpreting the patho- 


genesis in this and, we believe, in other similar cases of thrombosis. 
After all, the pathology in this case is not so very different from that o! 
endocarditis. In the former the endothelium of the heart, usually o 


the valves, is involved, while here the endothelium of the portal vein is 


the seat of the primary lesion; both are vascular endothelium and em- 


bryologically derived from the same structures. Indeed, the histologic 


structure of a vegetation in these cases of endocarditis is not very dif 


ferent from that of a thrombus, the former being richer in fibrin and 
bacteria and the latter in red blood corpuscles, as conditions are more 


favorable for coagulation. 


LIST OF CASES FROM LITERATUR 


Case 1 (Sacus”).—History.—A man, aged 32, addicted to alcohol, had com 
plained of abdominal pain for some time. He suddenly developed severe abdom 
inal pain and intestinal hemorrhages; obstipation was marked and the vomitus 
soon became fecal in character. The abdomen Lecame markedly distended.  Ex- 
ploratory laparatomy revealed several bluish-black loops of intestine and pet 
mitted the escape of large quantities of fluid with a fecal odor. 

Autopsy.—Almost all of the small intestine was black; the stomach contained 
large amounts of a reddish fluid. The trunk of the portal vein was filled with a 
thick, dark-red clot, which extended downward into the superior mesenteric vein 

Case 2 (Evuiot').—History.—The patient was a voung man, aged 25, with 


an inguinal] hernia which had become incarcerated ten months before, but had been 


reduced, causing no symptoms. He had had reeurriag abdominal pain for two weeks 


before the beginning of acute symptoms. While playing ball, he experienced sud 
den, severe abdominal pain. He began to vomit soon after and was taken to the 
hospital. The entire abdomen was tender; there were repeated attacks of colicky 


pain; no meteorism; a sausage-like mass was found in the ileocecal region 


Operation.—Large quantities of serohemorrhagie fluid escaped from aldominal 
cavity. Some dark-red, foul-smelling loops of intestines escaped. The inguinal 
rings were free and there was no volvulus. The mesentery was of normal length, 
but the vessels felt hard and were apparently thrombosed. The mesenteric lymph 
nodes were swollen. Forty-eight inches of empty intestinal loops, which were not 


distended, were resected. The vessels bled but little. Because of increasing shock 


the resected ends were sutured into the abdominal wound. 
The .esected ends were united fourteen days later, the patient making a re- 
covery. The veins of the resected portion of the intestines were closed by thrombi. 


9. Rosenow has isolated similar strains of pneumococci from the blood during 
life in a case of non-fatal thrombophlebitis of the left subclavian and innom 
inate veins which developed during the puerperium; and after death in a case of 
fatal pulmonary embolism from thrombosis of the left internal iliae vein follow- 


ing appendectomy. 
10. Sachs (R.): Zur Casuistik der Gefiisserkrankungen. Deutsc] med 
Wehnehr., 1892, xviii, 443. 
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Case 3 (Kenpat Franxs*\.—A patient with varicose veins and ulcers devel- 
oped symptoms of acute, intestinal obstruction. There was no discharge of gas 
or feces. At the operation a volvulus of some loops of the small intestine, which 
were gangrenous, was found. The mesentery corresponding to these loops was 
thick and edematous and all the veins were thrombosed. “The veins felt as cords 
running through the mesentery and apparently the lesion was not recent.” Six- 
teen inches of the intestine were resected; end-to-end anastomosis with suture was 
done. Death occurred after two days. 

Autopsy.—Some of the intestine below the point of resection had become gan- 
grenous. The portal vein and the veins draining the gangrenous loops were 
filled with thrombi. Franks regarded the volvulus as secondary to the thrombosis. 

Case 4 (J. C. Bioovgoop").—History.—The patient, aged 52, had been a 
soldier. Three weeks before admission he had sudden abdominal pain, not very 
severe in character, associated with vomiting; since then intervals of moderately 
severe pain, chiefly in umbilical region, and vomiting; a few days before admis- 
sion, acute abdominal pain in region of umbilicus, with vomiting. This attack 
was aggravated by the administration of cathartics on the next day. There was 
no passage of fecal matter, blood or flatus from tnis time. Three days before ad- 
mission nothing was retained by the stomach; the abdomen was slightly tender 
above and to the right of umbilicus and moderately distended. 

Examination.—On admission to the surgical wards of Johns Hopkins Hospital, 
Sept. 15, 1896, the patient was found excessively fat. Temperature was 100, 
pulse 72, respiration 24. Facies was typical of a severe intraperitoneal lesion. 
The abdomen was moderately distended; there was slight muscle spasm, but no 
tenderness. Palpation was difficult on account of thick abdominal walls. No 
mass was detected on palpation. Rectal examination was negative; there was no 
fecal matter in the rectum. 

Operation.—Laparotomy was performed September 15 by Dr. Bloodgood. There 
was bloody fluid in the peritoneal cavity; no fecal odor. The movable mass 
proved to be omentum adherent to coils of small intestine beneath it. The mass 
was excised. About 8 em. of a loop of ileum was gangrenous; the neighboring 
intestine was congested and covered with fibrin. There was no perforation, and 
no fecal extravasation. The mesentery seemed normal. The gangrenous loop of 
intestine was drawn out of the wound and the intestines drained by tubes in- 
serted above and below. 

Postoperative History.—After operation the patient vomited a great deal of 
bile-stained fluid. This vomiting continued intermittently during the next three 
days. On September 17 the gangrenous loop came away from the wound without 
bleeding. Temperature was 100.5; pulse 120. The pulse became very weak dur- 
ing the night and rose to 160. On September 18 the temperature was 103. Death 
took place at 10:30. 

Anatomic Diagnosis.—Thrombosis of mesenteric veins, necrosis and gangrene 
of small intestines, general fibrinopurulent peritonitis. The main trunk of the 
portal vein was also filled with firm thrombi extending from that in the mesenteric 
vein, 

Case 5 (Braprorp").—History.—The patient, a man aged 20, complained at 
first of pain in the abdomen and some diarrhea. The diarrhea disappeared; then 
pain developed in the region of the navel and vomiting commenced. Physical ex- 
amination revealed nothing in viscera. Respirations were somewhat rapid; pulse 


11. Cited by Jackson (J. M.), Porter (C. A.) and Quinby (W. C.): Mesenteric 
embolism and thrombosis. Jour. Am. Med. Assn., 1904, xlii, 1469. 
12. Bradford (R.): Thrombosis of superior mesenteric vein causing intestinal 


obstruction. Brit. Med. Jour., 1898, i, 1137. 
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Vomitus became fecal 


about 96. Cathartics were administered without results. 
in character and an indefinite mass could be palpated in the ileocecal region. The 
diagnosis of intestinal obstruction was made. As the patient rapidly grew worse 
a laparotomy was performed on the ninth day of illness. Thrombosis of the 
superior mesenteric vein was found. Death followed immediately after the oper- : 
tion. 

{utopsy.—Intestines dark red in color, swollen, and gangrenous in some areas. 
Gangrene involved about eighteen inches. The mesentery was thickened. The 
superior mesenteric vein was filled with old, partly disintegrated thrombi, which 
extended into the portal vein. The clots occluding the latter were fresh. The 
superior mesenteric artery and its branches were normal. The mesenteric lymph 
nodes were enlarged and hemorrhagic. One had suppurated and the abscess 
cavity communicated with the interior of the thrombosed vein. ‘Lhe involvement 
of the vein was secondary to suppuration in the adjacent lymph node. 

Case 6 (Késter™).—History.—A man, aged 31, had suffered with a persistent 
diarrhea some years betore the beginning of the symptoms due to portal thron 
bosis. His last illness began without any apparent cause with severe pain in the 
region of the bladder, which soon extended over the entire abdomen. Simul- 
taneously hiccoughing and vomiting, not fecal in character, developed. Neither 
gas nor feces were discharged, notwithstanding that enemas were given. There 
was tympanitic distention of the upper part of the abdomen, while the lower part 
was dull. Exploratory laparotomy revealed that the greater part of the intestine 
was gangrenous. Death took place on the following morning. 

Auptopsy.—There was a small amount of dark-red, cloudy, foul-smelling fluid 
in abdomen. The greater part of the descending colon was gangrenous, likewise 
the entire sigmoid flexure. None of the intestinal loops were collapsed. The 
entire peritoneum was smooth and shining, with the exception of that covering 
the gangrenous intestine. The mucous membrane of the small intestine was 
normal. In the ascending colon there were some swollen follicles. In the upper 
part of the descending colon, above the gangrene, was a lesion in the mucous 
membrane 3 em, in length, which extended into the muscularis. The rectal 
mucous membrane was normal, likewise the aorta and mesenteric veins. The 
veins draining the gangrenous part, likewise the inferior mesenteric vein, were 
closed by adherent thrombi. 

Case 7 (Koster™).—History.—A woman, aged 40, suddenly became ill two 


months after convalescence from typhoid tever. Symptoms consisted vl abduminal 
pain and fecal vomiting. There was no improvement after enemas had been given 
and a laparotomy was performed. Adhesions between the omentum and the lower 
part of the ileum were found and freed; the symptoms of ileus then subsided. 
After the patient had remained well for six weeks, abdominal pain and vomiting 
again developed. The patient soon passed into collapse and died. 

Autopsy.—There was gangrene of almost the entire smal] intestine, extending 
from close to the duodenojejunal angle to the ileocecal junction. The mesentery 
was considerably thickened and injected, and the veins in the same were filled 
with dark, firmly attached thrombi. 

Case 8 (C. A, PorTer").—History.—The patient was a woman 38 years of age. 
She had had more or less chronic diarrhea for the last three or four years. She 
had had three children, the last, five weeks before entrance to the hospital. She 
was in bed ten days; her convalescence was normal. Her previous pregnancy was 
in 1897, after which she was in Massachusetts General Hospital for milk leg. 


13. Késter (H.): Zur Casuistik der Thrombose und Embolie der grossen 
Bauchgefiisse. Deutsch. med, Wehnschr., 1898, xxiv, 325. 

14. Jackson (J. M.). Porter (C. A.) and Quinby (W. C.): Mesenteric embol- 
1904, 1460; 1904, 25. 


ism and thrombosis. Jour. Am, Med, Assn., 
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Present Iliness—The patient had been well till January 21, when she had 
some pain in the right hypogastrium, not severe, but enough to prevent working. 
The pain soon moved to the umbilicus; it was colicky in nature, coming and 
going. The patient vomited in the evening before entrance. The bowels moved 
every day until the day of entrance; there was nothing peculiar about the stools. 
The pain gradually increased in severity. The patient entered the hospital at 7 
p. m., Jan. 25, 1899. She had pain in the abdomen and poor pulse at 8 p. m. 
An enema brought away a few small fecal masses of normal color and consistency. 

Examination.—At 9 p. m. temperature was 98.6; pulse 80, of poor quality: 
respirations, 23; leucocytes, 50,200. The woman was pale, rather poorly nour- 
ished, with hollow eyes with dark rings around them. The eye was clear; expres- 
sion rather “pinched,” though perfectly bright and intelligent; it was evident that 
she was laboring under peritoneal shock. Pain was most marked directly be 
neath the umbilical cicatrix; tenderness was greatest over an area the size of the 
palm of the hand, to the left of the umbilicus, where the muscles resisted the 
slightest pressure. There was dulness in left lower quadrant. No peristalsis was 
heard on auscultation. Vaginal examination: rather large uterus, not tender. 
Some induration without tenderness in left side of pelvis, no bulging. Rectal ex- 
amination negative; urine: red color, acid, albumin 0.25 per cent., sugar absent; 
sediment contained some pus, considerable normal blood, a few granular casts and 
squamous epithelium from bladder or vagina. 

Operation.—Directly below area of tenderness described above a coil of dull 
plum-colored bowel was found. An artificial anus was made after resection. 
Death took place the following day. 

Anatomie Diagnosis.—Resection of intestines; extensive thrombosis of portal 
vein and its larger branches; hemorrhagic infarction of a portion of jejunum; 
acute degenerative nephritis. 

Case 9 (K6LBiInc”).—History.—A woman, 31 years of age, was admitted to 
the hospital Sept. 20, 1901. She gave a history of typhoid fever three years 
before, but had been perfectly healthy since. She had been delivered July 24, 
1901, but the puerperium had been perfectly normal and she had been discharged 
from the hospital in nine days. On Sept. 16, 1901, after a diarrhea had per- 
sisted for some days, a severe pain developed cuddenly in the abdomen, which 
gradually grew worse. On the 19th and 20th vomiting, not fecal in char- 
acter, developed and recurred frequently. On September 21 an anema was given, 
and small feeal masses with admixture of blood were returned. No gas was dis- 
charged. The abdomen became still more distended during the day. Vomiting 
recurred, and the temperature rose to 101.8 F. The patient was transferred to 
the surgical service. 

Examination.—The lateral abdominal regions were greatly distended and some- 
what tender; the umbilical region soft and not especially prominent. An intes 
tinal loop, which on percussion gives a clear tympanitic note, could be traced 
from the ileocecal region to the liver and from here under the costal margin to 
the left. A similar loop was found on the left side, which extended upward to 
the region of the stomach. The vomitus had a fecal odor. A diagnosis of 
strangulation ileus was made. 

Operation.—Laparotomy was performed. When the peritoneum was opened 
about a quart of clear fluid escaped under pressure. The exposed intestinal loops 
were injected, but not especially distended. The cecum and descending colon were 
collapsed. An infiltrated, resistant loop of intestine could be palpated in the re 
gion of the stomach. This loop could not be brought out of the abdominal cavity 


15. Kolbing (P.): seitriige zur Magendarmehirurgie Beitr. z. klin. Chir.. 
1902, xxxiii, 518. 
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until the incision was prolonged above the umbilicus. It was then found that 
about twenty inches of the upper part of the jejunum was reddish-black in color, 
friable and gangrenous. The mesentery corresponding to this loop was hard, in 
filtrated and ecchy motic. It could be demonstrated, during resection of the loop 
of bowel, that the veins were closed by thrombi. After the gangrenous loops had 
been resected the proximal end of the intestine was invaginated and a gastro 
enterostomy made between the stomach and distal end. 

The patient made an uneventful recovery. 

CAsE 10 (Picqué and Gr&kcorre“).—The patient had diarrhea, without blood, 
which persisted for twenty days; then obstipation for three days, followed by 
bloody stools. It was thought advisable to perform an exploratory laparotomy, 
no definite diagnosis having been made. ‘The findings revealed by operation war 
ranted an artificial anus, even though the exact cause of the pathologic changes 
could not be determined. Autopsy revealed a thrombophlebitis involving the su 
perior mesenteric vein with accompanying gangrene of the intestinal loops 
drained by it. 

Case 11 (Picqué and Gr&corre”).—The case was diagnosed as probably vol 
vulus of the sigmoid. An exploratory laparotomy revealed gangrene of the intes 
tine but no torsion or constricting bands were found. Autopsy revealed, as in 
the preceding case, a thrombophlebitis of the superior mesenteric vein which had 
extended to the portal. 

CASE 12 (SpPRENGEL*).—History.—The patient, a man aged 22, had been 
treated for gonorrhea earlier. No previous history was elicited which could have 
any etiologic relationship to the present trouble. He had been confined to bed for 
fourteen days with indefinite symptoms when pain suddenly developed in the 
epigastrium, which later radiated to the lower abdomen to the right of the 
urinary bladder. There had been no bowel movement for four days and no dis 
charge of flatus. Vomiting was frequent and profuse. Vomitus consisted of a 
reddish brown material in which blood could be demonstrated. No blood was 
discharged by rectum. Exploratory laparotomy revealed extensive infarction of 
intestinal loops. Death soon followed. 

Autopsy.—Veins draining the infarcted loops were closed by firm thrombi 
Thrombi also extended into portal vein. Thrombi which were not firmly attached 
found also in pelvic veins. 

CASE 13 (SPRENGEL*).—/History.—An unmarried woman, 25 years of age, was 
admitted to the hospital because of a swelling, which she had noticed for ten 
weeks in the inguinal region. Three and one-quarters years previously a swelling 
of the left arm, supposedly due to a thrombosis of one of the large veins, had de 
veloped spontaneously. Swelling gradually subsided as an extensive collateral 
circulation developed in the subcutaneous veins of the chest. No history of any 
previous inflammatory lesion of the arms, neck or ear could be elicited. Three 
weeks after admission to the hospital the hernia which had been noted some ten 
months before was repaired. Convalescence was rapid, the patient being up and 
about in three weeks. One week later pain suddenly developed in the epigas 
trium. Two days later some resistance was noted about the umbilicus and a 
reddish fluid was discharged by rectum. There was no abdominal distention. On 
the following day there was fecal vomiting. A diagnosis of obturation ileus was 
made. Laparotemy revealed an infarcted intestine and about three feet of th 
same were resected. Death followed. 

Autopsy.—There was occlusion of the left jugular and subclavian veins at 
junction. The main branch of the portal vein was closed by thrombi, but a col 
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lateral circulation had been established by large accessory vein passing up to 
liver. The exact nature of this collateral circulation could not be determined. 

Case 14 (GaArke"”).—History—A man, 61 years of age, was admitted to 
the Rostock surgical clinic July 8, 1898. He had suffered three years be- 
fore with spontaneous thrombosis of right femoral vein. He was a 
moderate drinker. He had been in good health the year before the be- 
ginning of present trouble. On July 5 he was seized with general ab- 
dominal pain, with no preceding digestive disturbance. Vomiting of material 
without fecal odor commenced at about the same time that pain did. Neither 
gas nor feces expelled, notwithstanding that enemas were given frequently. On 
the following day vomiting ceased for sixteen hours but pain and hiccoughing 
persisted; no gas was expelled. On July 7 vomiting commenced again, the ab- 
domen became distended, the pain increased, the patient became dyspneic and 
sank rapidly. No gas was expelled and no feces discharged. Urination was dif- 
ficult. During transportation to hospital vomiting became fecal in character. 

Examination.—The face was cyanotic and pinched; the pulse small, 140 and 
very soft; respirations very rapid. The extremities were cold, and the entire 
body covered with cold sweat. The sensorium was dulled. The heart was en- 
larged to the right, tones soft and ,; we. The abdomen was somewhat distended, 
the abdominal muscles were tense, and the entire abdominal wall tender. There 
could be palpated in the epigastrium an induration with a round upper border, 
which became broader below and became continuous with an indefinite resistance 
about the navel. No peristaltic waves were to be seen. The liver and spleen were 
not enlarged. 

Operation—A midline incision was made in the epigastrium extending two 
fingers’ breadths below the navel. A reddish fluid with a fecal odor escaped when 
the peritoneum was opened. A gangrenous loop of bowel presented, which was 
adherent to omentum and neighboring coils. Four and a half feet of the intes- 
tine were resected and end-to-end anastomosis with Murphy button was made. 
Death took place seven hours after operation. Autopsy was refused. Examina- 
tion of resected portion showed that the veins were dilated and filled with 
thrombi which extended into the vessels of the intestinal wall. Clots were lami- 
nated. The mesenteric arteries were narrow, but patent. 

Case 15 (StepHan™).—The patient was a man 65 years of age with all the 
symptoms of ileus; pulse, 118; temperature, 98. Laparotomy was performed. 
There was serohemorrhagic exudate in the peritoneal cavity. A gangrenous loop 
of bowel was resected and an end-to-end anastomosis made with a Murphy button- 
Death took place at the end of the operation. Autopsy showed thrombosis of the 
portal vein, extending into mesenteric radicles. 

Case 16 (LinpNeR"™).—A man aged 56, with negative previous history, had 
complained for eight days of some abdominal pain and vomiting. He had had 
obstinate constipation for three days with some distention of the abdomen. 

Examination.—On admission to the hospital the patient’s face was anxious, 
pinched and somewhat cyanotic. The abdomen was distended and tender; liver 
dulness was partially obliterated. The patient was hiccoughing. Two hundred 
and fifty cubic centimeters of non-fetid fluid were removed from the stomach by 


17. Reported by Talke: Beitr. z. klin. Chir., 1903, xxxviii, 743. 

18. Stephan (B. H.): Bijdrage tot de Casuistik de gevallen von acute Poorta- 
der thrombose. Med. Weekbl., 1900, vi, 31. 

19. Cited by Mauclaire (P.) and Jacoulet (F.): Infarctus hémorrhagique de 
l'intestin par oblitération veineuse ou artérielle. Arch. gén. de chir., 1908, iv, 
341. 
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the stomach-pump. Temperature was 98.6; pulse, 100. A diagnosis of periton- 
itis was made, 

Operation.— A median laparotomy above the umbilicus was performed, A non 
fetid, serosanguinolent fluid escaped after incision of the peritoneum. A black 
loop of the jejunoileum measuring about six feet in length was found, the wails 
of which were very thick. The segment of mesentery corresponding to this ,loop 
was edematous and very hard. An ecchymotic transitional] zone was found at each 
end of the infarcted loop. Eight feet of the intestine were resected, an end 
to-end anastomosis being made. Distention of the abdomen and vomiting con- 
tinued and death took place twenty hours after operstion, 

Autopsy.—Thrombosis of portal vein. Hemorrhagic ulceration of stomach, 
thrombosis of mesenteric veins and inferior vena cava. Fatty degeneration of 
the pancreas; thrombosis of splenic vessels and splenic infarct. No leakage at 
point of anastomosis. 

CASE 17 (BrRUNNER®).—History.—The disease began acutely with chills and 
vomiting, the patient having been apparently in good health. The abdomen wos 
somewhat distended; no gas or feces were discharged, ‘There was some elevation 
of temperature, and persistence of chills. Examination of the abdomen revealed a 
poorly defined mass situated to the left and below the umbilicus. A diagnosis oi 
carcinoma of the descending colon was made. A laparotomy was done. An 
infarcted loop of small bowel measuring 12 cm. in length was resected with the 
corresponding segment of mesentery. Recovery followed. Examination of the 
specimen revealed a thrombosis of the mesenteric veins. Arteries were permeable. 

Case 18 (Monnier and Surer®).—A woman, 30 years of age, was brought to 
the hospital with symptoms of acute intestinal obstruction. Laparotomy was 
performed. There was a large amount of serosanguinolent fluid in the peritoneal 
cavity; gangrene of several loops of small intestine; thrombophlebitis of the su- 
perior mesenteric and portal veins. Death took place twelve hours after oper- 
tion. 

Case 19 (Monnier and Surer*).—A woman 35 years of age suddenly de- 
veloped the symptoms of acute intestinal obstruction three months after a phlebitis, 


involving both lower extremities. Laparotomy was done. Intaretion ot all oft 
the lower loops of the ileum was found, with beginning gangrene. The veins of 


the mesentery were thrombosed. There was a serosanguinolent peritoneal exu 
date. A segment measuring two feet Was resected. Death took place twenty-four 
hours after operation. Autopsy revealed thrombosis of the mesenteric veins and 
large systemic veins of abdomen. 

Case 20 (HaaGen™).—The patient was a man, 37 years old. Symptoms began 
acutely. Laparotomy revealed an intarcted loop twelve inches in length. Anas 
tomosis with Murphy button was done, and an operation three weeks later to free 


adhesions. Kecovery ensued. 


20. Briinner (F.): Thrombose septique des veines mésentériques, Operation. 
Guérison. Soc. de méd. de Zurich, 1907. Cited by Mauclaire and Jacoulet Lin 
farctus hémorrhagique de lintestin par oblitération veineuse ou arteric 
Arch. gén. de chir., 1908, iv, 361. 


21. Monnier and Suter: Deux cas de thrombophlébite mésent rique Soc, de 
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SYMPTOMS AND DIAGNOSIS 


The symptoms associated with thrombosis of the portal vein and its 
mesenteric radicles are similar to those following thrombosis of the mes- 
enteric arteries. It is always difficult, often impossible, to make a diag- 
nosis of circulatory ileus, and it is probably impossible to make a differ- 
ential diagnosis between venous and arterial thrombosis. If, when the 
symptoms of ileus develop, a preceding history of an infection which 
not infrequently is accompanied by thrombophlebitis is elicited, a diag- 
nosis could probably be made. 

One of the most constant symptoms in these cases of primary portal 
thrombosis is pain. The pain is cramp-like in character, recurring at 
frequent intervals. The radiation of the pain is not typical, often ex- 
tending within a few hours over the entire abdomen. In one case ob- 
served by Késter the pain in the beginning was general, but later set- 
tled in the region of the urinary bladder. The patient operated on by 
Elliot complained of recurring attacks of abdominal pain for two weeks 


before the beginning of the symptoms of ileus, which developed acutely. 
The patient observed by Bloodgood was seized with severe abdominal! 
pain three weeks before an operation was performed. In this case it is 
probable that the pain was associated with the portal thrombosis, al- 
though when the autopsy was performed a peritonitis was found. In 
other cases only two or three davs have intervened between the begin- 
ning of symptoms and death. 

There may be complete obstruction to the passage of gas and feces 
or mucohemorrhagie diarrhea. The diarrhea with hemorrhage has been 
supposed to be in most cases the direct result of intestinal infarction. 
Quénu has made the highly interesting suggestion that in the cases in 
which there are frequent mucohemorrhagie discharges the lesion may be 
primary in the intestine; the lowered resistance of the intestinal wall 
in such cases permitting of bacterial invasion of the radicles of the 
portal vein. 

The way in which the symptoms develop and the sequence which they 
follow are not at all characteristic. In almost all of the cases a diagnosis 
of ileus has been made and the nature of the ileus has been revealed by 
an exploratory laparotomy. 

It is possible that a diagnosis of perforation of a duodenal ulcer 
might be made in these cases. The pain accompanied by blood in the 
feces and paralytic ileus make a symptom-complex which resembles 
quite closely that of circulatory ileus. A carefully elicited previous his- 


tory would aid one in excluding duodenal ulcer. 


DEAN LEWIS—E, C. ROSENOW 


TREATMENT 
The operation to be performed after the nature of the lesion has been 
determined depends altogether on the conditions found. In some cases 
(Késter, Sachs) the gangrene is so extensive that resection would be 
impossible. The fact that recovery has occurred in 4 cases makes it 


imperative that the limits of the gangrene be determined as accurately 


as possible and that the resection be made in healthy tissues. It is not 
always possible to determine the extent of the thrombosis or whether it 
is progressing or at a standstill. This is well illustrated by the case 
observed by us, in which the resection was carried well into healthy 
howel and yet within twelve hours three feet of intestine beyond the 
point of resection had become gangrenous. 

The large intestine is but rarely involved in gangrene due to venous 
thrombosis, for the communication between the hemorrhoidal and sys- 
temic veins seems to be extensive enough to provide for a return flow 
when the radicles of the portal vein are closed. The duodenum ap- 
parently is not involved in gangrene after portal thrombosis. The 
gangrene involves the upper intestinal loops, but does not extend beyond 
the point at which the duodenum pierces the mesentery. The collateral 
venous circulation in the “fascia of fusion” seems to be extensive 
enough to provide for the return of venous blood from the duodenum 
even when the main trunk of the portal vein is occluded. 

tesection may be exceedingly difficult in these cases of portal throm- 
hosis. The mesentery is thickened and rigid as a result of the edema; 
the two ends of the bowel may vary greatly in size; there is an ectropion 
of the intestinal mucous membrane; and the gangrene may extend so 
high that it is nearly impossible to use the proximal end of the intes- 
tine, as the anastomosis must be made at the point at which the duo- 
denum pierces the root of the mesentery. 

In the case reported by Kélbing (operation by Linder) the gan- 
grene involved the upper loops of the smal! intestine. The resection 
was made so close to the root of the mesentery that it was impossible 
to make an end-to-end anastomosis. The end of the duodenum was. 
therefore, closed and invaginated at the point at which it pierces the 
root of the mesentery, the gastroenterostomy being made with the jeju- 
num. After an operation of this tvpe the pancreatic juice and bile must 
flow back into the stomach before it can escape through the gastroenteros 
tomy orifice. The patient made an uneventful recovery. Moynihan 
had previously employed the same procedure in operating in a case of 
traumatic rupture of the intestine at the duodenojejunal angle. The 


patient recovered from the operation, but died 104 davs later following 
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perforation of the duodenum by a Murphy button which had been em- 
ployed in making the gastroenterostomy. 

Some animal experiments made recently by Lewis would seem to 
indicate that in the majority of cases animals die after the duodenum 
is divided and invaginated and a gastroenterostomy made with the dis- 
tal loop. These animals recover from the immediate effects of the opera- 
tion, but soon begin to vomit, practically all the food being regurgi- 
tated. The animals live from thirty to forty days and die of inanition. 
When a postmortem examination is made, the duodenum is found 
to be enormously dilated, resembling the stomach. The food is ap- 
parently forced into the duodenum and then thrown back into the 
stomach without passing through the gastroenterostomy orifice. The 
animals die of disturbances of motility rather than of disturbances in 
chemical changes. 

Four of the 21 patients recovered. Elliot, in the case reported by 
him, resected four feet of intestine and made an artificial anus, which 
was closed fourteen days later. In the case reported by Koélbing twenty 
inches of intestine were resected, the end of the duodenum invaginated 
and a gastroenterostomy performed with the jejunum. Briinner re- 
sected five inches, making an end-to-end anastomosis, while Haagen 
resected twelve inches, making a lateral anastomosis with a Murphy 
button. 

CONCLUSIONS 


1. A careful bacteriologic examination of the blood, using media 
which favor the growth of the highly parasitic bacteria, will, we believe, 
establish, as in the case reported by us, the etiologic réle that bacteria 
play in portal thrombosis. 

2. It is impossible to differentiate between thrombosis of the mesen- 
terie arteries and veins, but a probable diagnosis of circulatory ileus 
can be made if the history reveals some previous illness which is fre- 
quently associated with inflammatory changes in the arteries and veins. 

3. The procedure to be adopted depends altogether on the conditions 
revealed by the exploratory operation. A record of 4 recoveries in 21 
cases in which operation was performed indicates that surgical interven- 


tion is not futile. 
100 State Street. 


THE ANTITRYPTIC CONTENT OF THE BLOOD SERUM IN 
MALIGNANT DISEASE * 
MARY E. ROCHE, M.D. 
BALTIMORE 

After Fermi and Pernossi, Camus and Glev, Pugliese and Coggi, 
and Hahn had drawn attention to the antitryptic action of normal 
blood serum, it was demonstrated by various observers that, under patho- 
logic conditions, this may be either increased or diminished. Ascoli 
and Bezzola, more especially, were able to show that there is a marked 
increase in the antitryptic content of the blood serum in pneumonia up 
to the time of the crisis, while after the crisis, with the disappearance 
of the local symptoms, there is coincidently a marked decrease in the 
antitrypsin. Somewhat later Kolaczek, Bittorf, Wiens and others 
studied the antitryptic content of the serum in various diseases, finding 
a decrease in some and an increase in others. A systematic study of the 
question was, however, not made until quite recently, when Brieger and 
Trebing' drew attention more particularly to the marked increase of 
the antitryptic content of the serum in malignant disease. 

The method which these investigators employed was essentially a 
modification of that of Miiller and Jochmann. To this end, plates of 
Loeffler’s blood serum are treated with tiny droplets of the serum to be 
examined, variously diluted with a 1 per cent. solution of trypsin. 
These plates are kept for twenty-one hours at 55 C. and then examined. 
The antitryptice action of normal sera is such that digestion of the plates 
at the point of contact of the droplet will occur with dilutions extend- 
ing to 1:4, exceptionally to 1:6. In their first series of 35 cancer cases 
in which the diagnosis could be definitely made from the symptoms the 
dilution values were more than 1:6 in all but 4 cases; similar results 
were found in 8 cases of suspected cancer. Negative reactions were 
found in only 4 cases of definitely recognized malignant disease. In 6 
non-malignant tumors there was no increase. Of non-malignant cases 
36 were examined; of these, 5 showed an increase, namely, a case of 
extensive psoriasis (1:7) in a diabetic, another case, also in a diabetic, 
in whom there was a suspicion of cancer of the pancreas (1:9), one case 
of pernicious anemia, one of amebic dysentery and one of general septi- 


*From the clinical laboratory of Dr. Charles E. Simon. 
1. Brieger (L.) and Trebing: Berl. klin. Wehnsehr., 1908, xlv, 1041, 1349, 
2260. 
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cemia resulting from a gangrenous angina. Normal results only were 
obtained in cases presenting various types of gastric disturbance outside 
of cancer. Very curiously low values were seen in untreated syphilitic 
cases. 

In a second paper, by the same writers, 55 further cases of cancer are 
recorded; in all values beyond 1:6 were found; in many, indeed, no 
digestion was observed even at 1:10. ‘This list includes one case of sar- 
coma. In two non-cancerous tumors, normal values were obtained. In 
order to establish the influence of cachexia on the reaction per se, a 
number of cases in which no cancer existed were likewise examined. In 
these high values were also observed. ‘This list includes cases of ad- 
vanced tuberculosis, pernicious anemia, severe arteriosclerosis, clironic 
nephritis, tabes dorsalis and others. Brieger and Trebing accordingly 
regard their reaction essentially as an indicator of cachexia; but, as car- 
cinomatosis and possibly also sarcomatosis may lead to cachexia rela- 
tively early without marked physical manifestations in the beginning, 
they are, nevertheless, inclined to view the reaction as important from 
the standpoint of differential diagnosis. 

The third paper dealing with the same subject comes from von 
Bergmann and Meyer. These investigators came to practically the same 
conclusions as Brieger and Trebing. Although using a different method 
they find a positive reaction in 92.7 per cent. of their cancer cases, as 
contrasted with 91.6 per cent. on the part of Brieger and Trebing. Of 
the non-cancerous cases in which a positive reaction was obtained, there 
may be mentioned isolated cases of hyperthyroidism (Basedow’s dis- 
ease), lues, myxedema, cholelithiasis, severe nephritis, severe pernicious 
anemia, tabes dorsalis, sepsis and dysentery. It is noteworthy, however, 
that a positive reaction in non-cancerous cases is exceptional. The reac- 
tion is manifestly not specific of cancer nor does it appear dependent on 
cachexia per se. Brieger and Trebing properly remark that, with eriti- 
cal application, it is a valuable factor in the clinical diagnosis of cancer. 
A normal antitryptic content, celeris paribus, may well be viewed as 
pointing in a different direction. 

During the past three months 67 cases have been examined in this 
direction in Dr. Simon’s laboratory. The results are shown in the 
accompanying lists. 

The technic emploved was the same as that used by von Bergmann 
and Mever, and is essentially that suggested by Fuld. To this end, 
constant quantities of a casein solution are treated with varving amounts 
of trypsin solution and constant quantities of bleed serum. After 


2. Von Bergmann and Meyer (K.): Berl. klin. Wehnschr., 1908, xlv, 1673. 
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incubation at 37 C. for 30 minutes, the different specimens are acidified 
and the concentration of the trypsin noted in those tubes in which com- 
plete digestion of the casein has been prevented by the serum. The 
casein solution is prepared by dissolving 1 gram of casein in 100 c.c. 
of decinormal sodium hydroxid solution, neutralizing with decinormal 
hydrochloric acid against litmus and diluting with 0.85 per cent. saline 
solution to 500 ¢.c. For our trypsin solution we used a preparation of 
Fairchild’s, which was quite satisfactory. Of the powder 0.5 gram is 
dissolved in 50 ¢.c. of 0.85 per cent. saline with the addition of 0.5 ¢.c. 
of normal sodium carbonate solution, the resultant solution being diluted 
tenfold (1:10) with 0.85 per cent. saline. The acetic acid mixture is 
composed of 5 c.c. of glacial acetic acid, 45 ¢.c. of aleohol and 50 c.c. of 
water. 

In the beginning we attempted the preservation of the casein and 
trypsin solution by means of chloroform and toluol. This, however, 
was abandoned, as the results became inconstant and not comparable 
with those reached with fresh solutions. Both were accordingly freshly 
prepared whenever needed. The blood serum was always diluted to 1 in 
50 and usually examined within a few hours after taking the specimens. 
The individual tubes each received 2 ¢.c. of the casein solution, 0.5 ¢.c. of 
diluted serum and varying amounts of the trypsin solution. 

Preliminary experiments had shown us that, with normal sera, the 
minimal completely digesting dose of trypsin lay at 0.08 or 0.09, At 0.09 
and 0.1 normal sera only gave a slight turbidity on subsequently acidify- 
ing with two drops of the acetic acid solution. For each case tubes were 
hence prepared in which the trypsin content varied between 0.09 and 
0.8, the volume of trypsin being always brought to 1 ¢.c. with saline. 
For the 0.09 tube we commonly used 0.9 ¢.c. of a 1:10 dilution of the 
standard solution. In our experience an inhibitory effect on the part of 
the various blood sera beyond the normal showed itself in one of two 
ways: either by a mere intensification of the turbidity within the normal 
limits, or by a direct extension into the tubes containing larger amounts 
of trypsin. It is accordingly impossible to furnish numerical results. 
as in Brieger’s method. In many other respects, however, that of Fuld 
is much more convenient and much more likely to be employed by physi- 
cians at large. 

The arrangement of an individual experiment is seen in the follow- 
ing two examples, which represent actual cases. The first shows results 


in a normal person, the second in a patient with cancer of the stomach: 
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Two EXPERIMENTS, ONE ON NORMAL Person, ONE ON PATIENT WITH GASTRIC 


CANCER 
Amt. of Amt. of 
Casein Trypsin Amt. of 
Solution. Solution. Saline. 
I. NORMAL 
2.0 c.c. .09 1.1 ee. 
2.0 ce. -le.e. 9 c.c. 
2.0 c.c. c.c. 8 c.c. 
2.0 c.c. 3 7 
II. CANCER CASE. 
2.0 cc. .09 1.1 
2.0 c.c. -l ee. 9 c.c. 
2.0 c.c. 2 c.c. 8 
2.0 3 CC. 7 
2.0 4 6 ee. 


Ant. of| — 
Serum | = Result. 
(1:50). 
jn = Faint turbidity. 
| = 
Ran Clear. 
| Clear. 
Bec. | Clear. 
| 
ee. Floeculent precipitate. 
5 ec. | Floceulent precipitate. 
Marked turbidity. 
5 | = Marked turbidity. 
|= Clear. 


Our results are collected in the two following lists: 


I.—Series or CASES SHOWING AN INCREASED ANTITRYPTIC ACTION 


1, Mr. D.: Cancer of the pancreas. 


2. Mrs. X.: Hysteria (non-cachectic). 

3. Mrs, O.: Cancer of the breast 
(postoperative). 

4. Mrs. S.: Cancer of the breast 
( postoperative ) . 

5. Mrs. P.: Epihelioma of lower jaw 


( postoperative) . 

6. Mrs. S.: Metastatic cancer of left 
inguinal glands (postoperative). 

7. Mrs. C.: Cancer of rectum. 

8. Mr. A.: Typhoid fever. 

9. Mr. E.: Epithelioma. 

10. Mr. R.: Cancer of testicle. 

11. Mrs. F.: Undiagnosed; operated 
on for symptoms of intestinal 
obstruction; tiny areas of fat 
necrosis everywhere; pancreas 
not enlarged, large mass about 
head of pancreas seemingly com 
posed of fat with necrotic areas. 
Past history of syphilis. Recov- 
ery. Positive Wassermann reac- 
tion. 


12 


18 


19 
20 
21 
22 
23 
24 
25 
26 


. Mr. P.: Amputation of foot. No 
diagnosis. Non-malignant. 


3. Mr. J.: Typhoid fever. 


. Mr. G.: Carcinoma of cecum. 

. W.: Probably malignant; mass 
in left iliac fossa, hemorrhages 
from bowel; loss of 50 pounds 
in weight. 

. Mr. L.: Cancer of stomach. 

. Mrs. S.: Not diagnosed; suspicion 
of cancer of stomach; explora- 
tory incision with negative re- 
sult. 

. Mrs. S.: Cancer of uterus, ad- 
vanced (inoperable). 

. Mr. G.: Ulcer of stomach. 

. Mrs. N.: Vomiting of pregnancy. 

. Mrs. 8.: Cancer of stomach. 

. Mr. T.: Pernicious anemia. 

. Mr. T.: Cancer of prostate. 

. 8S. K.: Cancer of uterus. 

. Mrs. S.: Melanotic sarcoma. 

. Mr. S.: Cancer of stomach. 


Il.—Series oF CASES SHOWING NO INCREASE OF ANTITRYPTIC ACTION 


1. Miss G.: Normal. 
2. Dr. S Normal. 


Ss. 

3. Dr. H.: Normal. 

4. Dr. L.: Normal. 

5. Dr. T.: Normal. 

6. Dr. T.: Normal. 

7. Miss M.: Normal. 

8. Miss R.: Normal. 

Mr. S.: Septie infection. 


10. E. H.: Gonorrhea and syphilis. 
11. Mrs. S.: Normal. 

12. Mr. V.: Normal. 

13. Mrs. M.: Uterine polypus. 
14. Mr. P.: Lipoma. 

15. Mr. F.: Psychasthenia. 

16. Mrs. G.: Normal. 

17. Miss C.: Normal. 

18. Mr. K.: Normal. 
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19. Miss B.: Normal. 31. Miss K.: Prebabiy malignant 
20. Miss S.: Normal. 32. J. K.: Gonorrhea. 
21. Miss N.: Normal. 33. Mr. F.: Fracture. 
22. Miss A.: Normal. 34. Miss E.: Multiple neuritis. 
23. Dr. X.: Lipoma. 35. Miss 0O.: Adenocarcinoma of 
24. Mrs. F.: (Non-malignant) In breast. 
testinal obstruction. 36. Miss P.: Cholelithiasis. 
25. Mr. X.: Cancer of rectum. 37. Dr. N.: Normal. 
26. Mr. X.: Typhoid fever. 38. Mr. P.: Normal. 
27. X.: Gonorrhea. 39. X.:  Cholelithiasis. 
28. Mr. S.: Dermoid eyst. 40. Dr. J.: Normal. 
29. Mr. S.: Cancer of stomach. 41. Uleer of stomach. 
30. Mr. S Probably malignant. 


SuMMARY OF RESULTS IN BorH SERIES OF CASES 

In forty-five non-malignant cases, 36, or 80 per cent., had normal antitryptic 
content, 9, or 20 per cent., had increased antitryptic content. 

In twenty-two malignant cases, 5, or 22.7 per cent., had normal antitryptic 
content; 17, or 77.3 per cent., had increased antitryptie content. 

An analysis of the cancer cases—and this is the point of most inter- 
est—shows an increased antitryptic content in 77.3 per cent. of cases 
and normal values in the rest. I would also emphasize the greater 
importance of a negative reaction in excluding the diagnosis of malig- 
nant disease, although markedly positive reactions may at times be re- 
garded as an important positive symptom. 

In one case in which a marked inhibitory effect was noted, and in 
which lactic acid reactions in the stomach contents alternated with 
normal conditions, and in which slight complement fixation was noted, 
an exploratory incision was advocated, but revealed nothing abnormal in 
the stomach. It is, of course, possible in this case that early malignant 
disease may exist in some other part of the body, but this will have to 
remain undecided for the present. 

As regards the meaning of the reaction, it is scarcely possible to 
express more than a mere surmise, but it would not appear unreasonable 
to regard it as an expression of an antibody formation directed against 
tryptic ferments liberated during increased cell destruction in the body. 


1302 Madison Avenue. 
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METHOD FOR ESTIMATING THE BLOOD FLOW IN THE ARM 
PRELIMINARY REPORT 


\. W. HEWLETT, M.D., ann J. G. VAN ZWALUWENBURG, M.D. 
Department of Theory and Practice, University of Michigan 

Of the various factors entering into the problem of circulatory dy- 
namics the most important is the rate of blood flow. This can be deter- 
mined experimentally by Ludwig’s Stromuhr or some of its various 
modifications. More recently T. G. Brodie’ has estimated the blood flow 
in an organ by suddenly occluding its efferent vein and measuring the 
change of volume by an oncometer. Under these circumstances the ar- 
terial blood enters the organ with undiminished speed at first, but soon 
the flow is retarded by the rise of pressure in the veins and capillaries. 
The organ therefore swells rapidly at first and progressively more slowly. 
The earliest portion of this curve represents the rate at which the blood 
enters under normal conditions. Brodie has shown that this method 
gives as reliable results as the Stromuhr. It is applicable only to organs 
from which all efferent blood can be collected by a single vein. 

We have used Brodie’s principle in order to determine the rate of 
flow in the arm of man. A distensible cuff similar to that used for 
determining arterial pressure was placed about the upper arm and an 
attempt was made so to adjust the pressure in the cuff that the veins 
should be occluded and the arteries left open. The resultant changes in 
the volume of the arm were recorded by a plethysmograph and a Brodie 
volume recorder. Certain precautions are necessary in order to obtain 
uniform results. In the first place, the pressure cuff must be inflated 
very rapidly. This is accomplished by connecting it with a large bot- 
tle in which the pressure has previously been raised slightly above that 
desired for the cuff. When the stop-cock between the two is opened 
the pressure is applied to the arm almost instantaneously. In 
the second place, the inflation causes a damming back of fluids which lie 
in the tissues beneath the cuff. The wider the cuff and the nearer to 
the plethysmograph the larger is the amount of fluid forced back into the 
latter. For this reason we have used a narrow cuff, about 3 cm. wide. 

1. Brodie (T. G.): The determination of the rate of blood flow through an 
organ. Reported at the Seventh International Physiological Congress, August, 
1007. 
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and have placed it about 3 em. from the opening into the plethysmo- 
graph. Under such conditions the increase of volume caused by the 
tightening of the cuff rarely exceeded 2 or 3 c.c. and was often less than 
this. 

Another important question remains: Is it possible to occlude the 
outflow through the veins without affecting the arterial inflow? Theo- 
retically this should be possible if the pressure applied to the tissues 
were in excess of the venous pressure and at the same time less than 
the diastolic arterial pressure. Under such conditions one should realize 
a parallel to Brodie’s experiment. At first the blood would flow uninter- 
ruptedly into the arm, but after a time the distention of the veins, 
capillaries and surrounding tissues would impede the entrance of blood 
and the inflow would gradually lessen. We have recorded the volume 
changes after applying a series of gradually increasing pressure to the 
upper arm by means of the pressure cuff. Pressures below 30 or 40 mm. 
of mercury were usually insufficient to obstruct the veins even for short 
lengths of time, and the volume curve failed to rise uniformly after a 
few cubic centimeters of blood had entered. At somewhat higher pres- 
sures—usually from 40 to 80 mm. of mercury—all the volume curves 
from the arm were practically uniform. At still higher pressures the 
arteries were obstructed and the rate of inflow lessened until finally, at 
pressures above the arterial systolic pressure, the arteries were com- 
pletely occluded and the only rise in the volume curve was due to the 
forcing of liquid back from beneath the pressure cuff. We believe that 
during the uniform series of curves obtained at various pressures (usu- 
ally between 40 and 80 mm.) the veins were completely obstructed and 
the arteries open. 

These curves show a gradually lessening rate of entrance of blood 
into the arm owing to the gradual increase of pressure in the veins, capil- 
laries and surrounding tissues. The first portions of these curves show 
a nearly uniform rate of inflow, and usually about 10 cc. of blood en- 
tered the plethysmograph without marked retardation (more than 20 
per cent.). Sometimes only about 5 ¢.c. entered at a practically uniform 
rate. while again as much as 15 or 20 ¢.c. entered before retardation 
became marked. Up to the point when this oceurs the swelling of th: 
arm may be taken to represent approximately the normal rate of blood 
flow into the arm. 

By this method the rate of flow was found to vary considerably in 
different individuals and to vary to a less extent in the same individual 
under different circumstances. The usual rate was from 3 to 5 c.c. per 


100 grams of arm substance per minute, with extreme variations of 
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1.5 to 12 ec. This agrees fairly well with the results obtained by 
Tschuewsky,? who used the Stromuhr on the legs of dogs and obtained 
inflows averaging 3.25 c.c. and varying from 1.93 to 4.77 under normal 
conditions, but increasing to as much as 11.8 after cutting the nerves 
and 6.89 after a brief obstruction of the artery. 

At present we are measuring the rate in arms of patients with various 
pathologie conditions, but as vet have found no constant relation between 
certain diseases and the rate of flow. So far as we know, the only similar 
methods recorded for estimating the rate of flow in the arm are that 
suggested by O. Miiller* and that of A. Miiller.* Both these authors, 
however, stopped the circulation in the arm before measuring the rate at 
which the blood entered the plethysmograph. Consequently normal con- 
ditions were not approximated. 


2. Tschuewsky (J. A.): Ueber Druck, Geschwindigkeit, und Widerstand in 
der Strombahn der Arteria carotis und cruralis sowie in der Schilddriise und im 
Musculus gracilis des Hundes, Arch. f. d. ges. Physiol., 1903, xevii, 210. 

3. Miiller (O.): Das absolute Plethysmogramm. Miinchen med. Wehnschr., 
September, 1908, Iv, 1819. 

4. Miiller (A.): Methods zur Bestimmung von Schlagvolumen und Herzar- 
beit und deren Ergebnisse. Bed. ii. d. Verhandl. d. Kong, f. inn. Med., 1908, xxv, 


PULMONARY ARTERLIOSCLEROSIS WITH HYPER- 
TROPHY OF THE RIGHT VENTRICLE 
SANDERS, M.D. 


IOWA 


PRIMARY 


W. 


ALTA, 

The existence of sclerosis of the pulmonary arteries and its secondary 
effects on the right heart have long been recognized. These changes 
may depend on the circulatory disturbances in the lungs, due to exten- 
sive adhesive pleurisy, emphysema, fibroid changes in the lungs, but, 
above all, to chronic passive congestion of the lungs induced by left- 
sided heart lesion, especially mitral stenosis. 

That there exists, however, a primary sclerosis of the pulmonary 
arteries with associated right heart hypertrophy has not been generally 
recognized. So far as I am aware, no case has been published in the 
English literature, and only a few cases have been reported abroad. 

This fact seems to justify the publication of a case which came 
under my observation while I was engaged in study at the Pathologic 
Institute in Munich during the summer of 1908. I shall also take occa- 
sion to review briefly the cases which have previously been reported. 

Unfortunately the clinical history of the case I am about to report 
is wholly unknown to me, and I can only epitomize briefly the patho- 
logic findings. 

The autopsy was conducted by Professor Diirck, Pathologie Institute 


Munich, in July, 1908. 


SANDERS’ CASE: PATHOLOGIC REPORT 


The body was that of a well-nourished male, 33 years of age, who came to 
autopsy with the clinical diagnosis of heart disease. There were no pronounced 
evidences of edema of the body or extremities. On opening the thorax the lungs 
were found in a partially collapsed condition. ‘The pericardium showed no evi- 
dence of disease and the pleure were free from adhesions. The heart showed an 
enormous hypertrophy and dilatation of the right ventricle. The apex of the 
heart was formed by the right ventricle and the left ventricle appeared as a sort 
of appendix of the right; its walls showed neither hypertrophy nor dilatation 
The valves of the left heart were normal, but the tricuspid ring was dilated. 
The coronary arteries were normal, as well as all of the valves of the heart. 

The pleura of the lungs was smooth and glistening and showed no adhesions. 
On section the lungs were moderately rich in blood and showed in the lower 
lobes hypostatic congestion. The lungs were free from fibrous induration and 
showed no old sears indicative of tuberculosis. 

The cut surface showed the smaller branches of the pulmonary arteries to be 
considerably thicker and stiffer than normal, appearing to the naked eye as 
whitish, slightly projecting, prominences on the cut surface. 
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The secondary and tertiary branches of the pulmonary artery showed no local 
plate-like thickenings of the intima, but the wall appeared slightly more stiffened 
and thicker than normal. The origin of the pulmonary, as well as the aortic, 
arch showed on the intima a very few very slightly elevated yellowish butter- 
colored patches about as large as a rice-grain. Otherwise they were smooth and 
macroscopically normal, 

The liver was slightly enlarged, showing, as did the spleen and kidneys, the 
condition of chronic passive congestion. There was otherwise no evidence of dis- 
ease in any of the organs and no suggestion of syphilis. 

The systemic blood vessels were free from macroscopic evidence of sclerosis. 

Specimens of the origin of the aorta, pulmonary, the medium-sized and small 
branches of the pulmonary were studied microscopically. The vessels were cut 
with the freezing microtome and stained with Sudan III and hematoxylin, and also 
with carmine ana Weigert’s elastic stain. 

The sections of the aorta showed in one place slight thickening of the intima, 
i. e., a hyperplasia of the connective-tissue cells. A number of these cells, chiefly 
those in the deeper layer of the intima, showed fatty degeneration of their cyto 
plasm. In most of these the nuclei were preserved and stained fairly well. The 
elastic fibers in these degenerated areas were preserved, but were hardly so dis- 
tinet and refractory in outline as elsewhere. The thickened intima was made up 
chietly of variously formed fibroblasts, spindle, pyramidal, ete. There was, how- 
ever, a moderate round-cell infiltration, These changes were confined to the 
slightly thickened portion of the intima. The remaining portions of the intima, 
as well as the media and adventitia, showed nothing abnormal. 

Sections from the pulmonary artery just above the semilunar valves showed 
slight general thickening of the intima, which was quite pronounced in some 
places. This thickening was generally of a hyperplastic character. 

There were very few round cells, the predominating type being variously 
formed fibroblasts. The elastica interna was well preserved throughout; only 
adjacent to the pronounced local hyperplastic thickenings did it show lamellation. 
The interstices of these lamella were filled with the same hyperplastic connective 
tissue elements which predominated in the intima thickening. There was no fine 
fibrillation of the elastic fibers and the Sudan stain showed no fatty changes any- 
where in the intima. The media and adventitia were normal. 

Passing to the study of pulmonary branches of four or five millimeters diam- 
eter, microscopic sections showed the intima to be proportionately much more 
thickened, in fact, thicker than the media. This thickening involved both the 
superficial (i, e., axial or luminal) and deeper portions of the intima. In the 
former it was of the hyperplastic connective-tissue type, while the deeper por- 
tions showed, in addition, a marked increase of the elastic elements, being chietly 
tine fibrille. There was no degenerative change demonstrable by the Sudan 
hematoxylin method. 

The smaller pulmonary branches showed a similar condition; a pronounced 
thickening of the intima, generally, being thicker than the entire remaining por- 
tions of the vessel wall. The thickening was chiefly connective tissue hyperplasia, 
although considerable increase of elastic elements were present. No degenerative 
changes were observed. 

In none of these sections did the vasa vasorum show any changes; a_ point 
which, it appears to me, is worthy of notice, since they spring from the bronchial 
arteries and belong to the systemic rather than the pulmonary circulation. 


Reviewing briefly the chief points of interest in the case, we find a 
practically negative condition of the systemic circulatory organs, includ- 


ing the left heart and systemic hlood vessels. 
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There is absolutely nothing in the lungs per se, 


such as sclerosis at 


the hilum, emphysema, fibroid induration, pleuritic adhesions, tubercu- 


losis, or tumor growth, which could in any way account for the condi- 


tion. Aside from conditions which were manifestly dependent on the 


failure of the right heart (passive congestion), the remaining organs 


of the body showed no pathologie alterations. 


The arteriosclerosis of the pulmonary vessels involved chiefly the 


smaller and middle-sized branches, and sections from the trunk of the 


pulmonary showed only minimal intimal thickening. 
hypertrophy and dilatation was evidently of 
pending on the primary condition in the pulmonary vessels. 


The right heart 
a secondary nature, de- 
In support 


of this opinion we have a parallel in hypertrophy of the left ventricle 


from arteriosclerosis, and, furthermore, it is just those scleroses of the 


smaller branches, such as the renals, mesenteric and cerebral, which pro- 


duce the most pronounced left ventricular hypertrophy. 


CASE 


The first similar case which I have been able to find in the literature was re 
corded by Klob,’ who gives the autopsy report of a man, aged 59, who presented 


almost identical conditions with those reported in my case. 


The clinical history 


was unknown. The heart showed very marked hypertrophy and dilatation of 
right ventricle and auricle, the left heart was normal, and the valves showed 
nothing pathologic. The lungs were normal with exception of slight pleuritic 


adhesion at one apex. 
CRUDELI'S CASE 


Corrado Tommasi Crudeli’ reported a case of a man, aged 42, who had often 
had rheumatism and bronchitis, and who died after a year’s suffering from 
dyspnea and palpitation of the heart. The autopsy showed a small aneurism of 
the trunk of the pulmonary artery which he considered had originated from a 
marked endarteritic stenosis of the origin of both primary branches of the pul 


monary. 
WoOLFRAM’S CASE 


A. Wolfram® saw at autopsy a pronounced hypertrophy of the right heart with 
aneurismic dilatation of the pulmonary trunk and atheromatous changes in the 


pulmonary vessels extending to the finest branches. 
None of these cases was studied microscopically, 


ROMBERG'’S CASE 


Romberg’ has given a quite complete clinical and pathological report of a 


similar case: 


History —A man, aged 24, who had muscular rheumatism one and a halt 
vears before the period of observation, but never had articular rheumatism o1 
syphilis, was a moderate liver. About fifteen months before began to complain 


1. Klob: Wiener Wochenblatt, 1865, xxi, 45; cited by Romberg, 
2. Crudeli (C. T.): Jahr., 1870, exivii, 169, 

3. Wolfram (A.): Virchow-Hirch Jabrb., 1883, ii, 147. 

t. Romberg (F.): Deutsch, Arch. f. klin. Med., 


see Note 4 
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of shortness of breath, epigastric pressure, which increased, and headache and 
dizziness developed. The patient had been able to do light work until a few 
weeks before coming under observation. Physical exertion produced a marked 
cyanosis of the face. He had not complained of palpitation or edema of the feet. 
He was admitted to the clinic a week later, when a “peculiar heart affection, 
with swelling of the liver and spleen, was diagnosed” and digitalis and rest in 
bed were prescribed. 

Exvamination.—The physical examination at this time showed a poorly nour- 
nished man, 156.5 cm. tall, slightly icteric. He had moderate dyspnea, temper- 
ature 36.4 C., and respiration 24. There was pronounced cyanosis of the skin 
and visible mucous membranes. The cheeks, extensor surface of arms, hands, 
knees and dorsum of the feet were a dark blue to bluish-red color. There was no 
edema, The precordial area was prominent; systolic apex impulse in the fifth 
left interspace, 7.5 cm. from median line and 4 cm. medialwards from the mam- 
mary line. This pulsation area was distinctly visible in the intercostal spaces to the 
margin of the sternum and upward to the third rib. A weak systolic thrill was 
felt in the fifth left intercostal space at the mammary line. There was no epi- 
gastric pulsation. The relative cardiac dulness extended 7 cm. in the fifth right 
interspace and 15 em. in the fifth left interspace from the mid-sternal line. 
Auscultation showed a soft systolic murmur marking the first sound at the apex; 
at the end of systole there was a short, snappy sound immediately followed by 
the second sound. The large veins of the neck were not distended, and neither 
they nor the arteries revealed any adventitious sound on auscultation. The pulse 
was 116, small, equal and regular, and the arteries soft and not very full. Lungs 
were normal except a slight increase at their margins. The liver was enlarged. 
Urine, concentrated, specific gravity 1018—1, vol. albumin, positive for bile and 
negative for blood. Microscopic: rich in urates and a moderate number of 
leucoeytes. 

Course of Disease.—By absolute rest in bed, the patient was relieved some 
what, but dyspnea and cyanosis remained the same; the urine amount increased 
to about 1000 ¢.c., specific gravity varied from 1014 to 1020 and albumin in- 
creased, The average daily temperature was about 36 C. Digitalis remained 
without effect and the patient died about three weeks later with increasing 
cyanosis, edema and heart weakness. 

Professor Curschman had established a diagnosis of congenital heart disease 
and the cyanosis was considered due to a mixing of arterial and venous blood. 

{utopsy.—Postmortem examination showed extensive but quite delicate rigut- 
side pleuritic adhesion, lungs slightly pigmented and edematous, cyanotic indura- 
tion of spleen, liver congested and fatty, follicular catarrh of large and small 
intestines. The heart was almost twice as large as normal, the hypertrophy in- 
volving almost exclusively the right ventricle and chiefly confined to the conus. 
The coronaries were normal and all the valves intact. The pulmonary arteries 
showed diffluent sclerotic patches of various sizes; some of the larger branches 
showed dilatation, while the thickening sclerosis was more marked in the smaller 
branches, 

MONCKEBERG’S CASES 


Méuckeberg® has described two cases: 

Case 1|.—History.—A young woman, aged 33, became ill in January, 1906, 
with symptoms of nervousness and anemia. In February there was increased 
cardiac dulness to the right with a murmur at each of the ostia, most pro- 
nounced at the pulmonary. The pulse was smal] and very rapid. The patient's 
condition grew worse, with vomiting, sweating, edema, brownish livid hue of the 


5. Méinckeberg: Deutsch. med. Wehnschr., 1907, xxxiii, 1277. 
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skin, and prominent eyeballs; von Graefe’s sign was present, but only moderate. 
The thyroid was not swollen. On April 5 the patient was admitted to the clinic. 
Cardiae dulness; right, 3 em.; left, 12 em. A constant systolic and occasional 
diastolic murmur were heard at the apex. A tremor soon become noticeable. 
The amount of the urine was 300-500 c.c.; specific gravity about 1025. Blood 
pressure, 125; later, 117. A masked form of hyperthyroidism was diagnosed, 
but myocarditis was considered. Under symptoms of increasing heart weakness, 
the patient died April 22, 1906. 

Autopsy.—The thyroid and adrenals were normal, the lungs showed no 
pleuritic adhesion. The pericardium contained 200 c.c, of fluid. The heart was 
distinctly enlarged, involving chiefly the right auricle and ventricle, while the 
left ventricle appeared as a sort of appendix to the right. There was a pro- 
nounced widening of both of the primary branches of the pulmonary. The trunk 
of the pulmonary, as well as its chief branches, showed slightly elevated yellow 
ish white patches in the intima. The local thickening extended to the branches 
of the second and third orders, where the sclerosis became more diffuse and pro- 
nounced, as shown by microscopic examination. The lungs showed moderate pig 
mentation and edema, and on section were of a reddish-brown color. The intima 
of the aorta was smooth, the valves of the heart were all normal. The sclerosis 
was much more marked in the very small pulmonary branches, where the intima 
was four times as thick as the media. The intima thickenings were relatively 
poor in cells, but contained numerous fine elastic fibers. No retrogressive changes 
were found except in the larger branches. The pulmonary and the bronchial 
veins were not pathologic. 

Case 2.—History.—A man, aged 56, came under treatment in January, 1906, 
for dyspnea and palpitation. Examination gave the diagnosis of mitral insuf- 
ficiency with failing compensation. The transverse area of dulness was markedly 
increased, there was a systolic murmur at the apex, swelling of the liver and 
edema of the feet. There were pressure symptoms in the stomach. A diagnosis 
of mitral insufficiency was made. Under the administration of caffein and thec- 
bromin-sodium salicylate, with absolute rest, the general conditions improved for 
about four weeks. Notwithstanding good heart action and pulse, the liver swell- 
ing and edema remained the same. November 5 the patient entered the clinic, 
where there was recorded marked cyanosis, edema of the body, hands and feet, 
marked venous pulse. The liver was enlarged and pulsating. The heart dul- 
ness was 5 em. to the right and 11.5 em. to the left of the mid-sternal line. 
There was left-side hydrothorax. A loud systolic murmur was heard at the apex 
and a rather soft second sound. The patient died the same day he entered the 
clinic. 

tutopsy.—Left lung: slightly adherent pleura at apex and posterior surface. 
Right lung: total, but delicate, pleural adhesions. Heart, in general, enlarged, 
both right ventricle and right auricle involved, the former markedly, the latter 
moderately, dilated. Right ventricle wall stiff, 7 mm. thick. Left ventricle not 
dilated, wall normal thickness. The valves were all normal and the endocardium 
negative, except at the attachment of the anterior mitral segment and the at 
tachment of the aortic valves, where there was slight thickening. The mitral 
ostium was patulous for two fingers and the tricuspid for four. Above the pul- 
monary sinus an adherent thrombus began, extending upward into the right pul 
monary, completely occluding the branch to the lower lobe of the lung. The 
branches to the middle and upper lobe contained soft emboli, partially occluding 
these branches. These thrombi were lamellated and partially adherent to the 
vessel wall, partly dark red and partly gray or brownish color. The cut surface 
of the lungs was edematous and engorged with blood, the walls of the pulmonary 
branches thickened; many contained thrombi. The inferior vena cava contained 
a firmly adherent thrombus, extending into the iliac. The aorta showed a_ few 
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whitish elevations on the intima. The other organs of the body weré cyanotie. 
The beginning of the trunk of the pulmonary showed wave-like yellowish eleva- 
tions on the intima. Notwithstanding the vessel was dilated, its walls appeared 
thickened. Microscopically the intimal thickening consisted of connective tissue 
hyperplasia, rich in elastic fibers. There were no degenerative signs present. 
The thrombi showed in many places incipient organization, proving that they 
must have existed a considerable time before death. The intimal thickening in- 
volved more the medium-sized than the extremely small vessels. Indeed, some 
of the small branches showed dilatation without thickening of their walls, and 
some contained thrombi. The pulmonary veins and the bronchial arteries were 
not pathologic. 
KITAMURA’S CASE 

Kitamura® has very recently reported a case of a 33-year-old man who in- 
dulged in alcoholic excesses (thirty glasses of beer, besides wine and whisky, 
daily), who died with symptoms of heart weakness. He was very fat, weighing 
245 pounds. The heart was markedly enlarged, with marked thickening of the 
wall of the left ventricle, but much more pronounced thickening of the right. 
The valves and endocardium were normal. The pulmonary artery and _ its 
branches showed pronounced thickening of the intima, which was of a prolifer- 
ative character and much disposed to degeneration of a fatty and hyaline nature. 
The media showed only a disorganization of the elastica. The entire body was 
strikingly congested. “Kitamura considers the condition due to a plethora vera 
induced by excessive consumption of beer. This opinion finds some support in the 
work of Bollinger on the beer heart.” 


The consideration of these seven cases furnishes sufficient evidence, 
I think, to establish the existence of a primary pulmonary arteriosclero- 
sis which must be taken into account as an etiologic factor in hyper- 
trophy and dilatation of the right ventricle. The clinical features of the 
condition can not be said to be yet sufficiently developed to admit of a 
diagnosis, infra vitam, but the careful correlation of clinical symptoms 
with pathologic studies in a few more cases will, I believe, furnish a 
rather characteristic picture. The application of the x-ray and the car- 
diosphygmograph may throw some light on the condition. The fact 
that a high percentage of these cases have occurred in young individuals 
without the evidence of previous disease to account for the cardiac con- 
dition; further, that the course of the disease has been rather rapidly 
progressive, and that ordinary cardiotherapeutic measures have been 
quite ineffectual, should be taken into consideration. The etiology 
remains, for the present, wholly undetermined. 


6. Kitamura: Zeitsehr. f. klin. med., 1908, Ixv. 14, 

Note.—The following references may also be found of interest in this con- 
nection: 

Lubarsch-Oestertag: Ergebnisse der Pathologie, 1907; lecture on arterioscle- 
rosis by Thoral. 

Zeigier’s Lehrbuch der allgemeine Pathologie, ii. 

Kaufmann (F.): Lehrbuch der Speciellen Pathologie. 

Joras: Wesen und Entwickelung der Arteriosclerosis, Wiesbaden, 1903. 

Aschoff: Ueber Arteriosclerosis und andere Sklerosen des Gefiissystems. Med. 
Klin., 1908, No. 1, 
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Since the first description of trichiniasis in man by Owen, in 1540, 
opinion has been divided as to the channels by which the embryos travel 
from the intestine to the muscles. Leuckart’s' authority has been potent 
in maintaining the traditional view that trichinelle migrate actively 
through the connective-tissue planes, and this statement is frequent in 
text-books. The only experimental evidence for this has been the find- 
ing of the worm in the peritoneal, pleural and pericardial cavities, and 
the well-known fact that the diaphragm, and especially its crura, usually 
contains more encysted parasites than the rest of the body musculature. 

Against this view the weight of experimental proof has been accumu- 
lating gradually. Zenker,® in 1860, took the stand that the dissemination 
of the embryos to the muscles was probably by way of the chyle ducts and 
blood stream. Fiedler,* in 1864, found embryos in the right heart of 
experimentally infected rabbits. Cerfontaine* found the female worm in 
the Peyer’s patches and mesenteric lymph nodes of rats. Askanazy® 
clearly demonstrated the embryo in the abdominal lymph channels, and 
Geisse* reported similar observations. Graham,’ in 1897, in an admir- 
able experimental study, considered that he had demonstrated dissemina- 
tion by the blood stream through the finding of embryos in a section of 
rat's artery, in the muscle capillaries, near hemorrhagic extravasations 
in the heart muscle, and in hemorrhagic lesions of the lung. He also 


1. Leuckart (R.): Die menschlichen Parasiten, Leipzig, 1876, ii, 656. 
2. Zenker: Vireh. Arch. f. path. Anat., 1860, xviii, 561; also Arch. f. klin. 
Med., 1870, viii, 387. 

3. Fiedler: Bietriige Entwicklungsgeschichte der Trichinen, ete., Arch. ¢. 
Heil., 1864, v, 3. 

4. Cerfontaine: Contribution 4 l'étude de la trichinose. Arch. de biol. 1895, 
xiii, 125: also Centralbl. f. Bakteriol., xxi, 1897, 402. 

5. Askanazy: Zur. Lehre von der Trichinose. Centralbl. f. Bakteriol., 1894, 
xv, 225; also Arch, f. path, Anat., Berl., 1895, xlii, 141. 

6. Geisse: Zur. Frage der Trichinenwanderung. Deutsch. Arch. f. klin. Med., 
1895, lv, 150. 

7. Graham: Seitriige zur Naturgeschichte d. Trichine Spiralis. Arch. f 
mikr. Anat., 1897, 1, 219. 
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believed that the rapidity of distribution throughout the body argued 
strongly for their transference by the blood stream. Frothingham,* in 
1906, in summing up the evidence, states that, although the embryos 
probably are distributed by the blood, they are not described as being 
found free in the blood stream. He said: “It remains, therefore, to 
demonstrate the position of the trichina embryo in the lymph glands; 
to demonstrate them in the blood stream in man; to find any undescribed 
lesions, and to confirm those already described.” His autopsy case re- 
vealed embryos in the sinuses of the mesenteric lymph nodes and in the 
liver sinusoids, proving the first point. The present observation is put 
on record because demonstrating the second link in the chain of evi- 
dence, for the first time in man, so far as a careful search of the litera- 
ture reveals. 

Staiibli,® in 1905, reported to the German Congress on Internal Medi- 
cine the recovery of embryos from the heart blood of infected guinea-pigs 
in every instance. The method by which he achieved this remarkable re- 
sult was by laking a small quantity of blood with 3 per cent. acetic acid, 
centrifugalizing, and examining the sediment. Last year he made the 
demonstration still more conclusive for artificially infected animals by 
finding the embryos in blood drawn from the guinea-pig’s ear, at one 


time as late as twenty-seven days after infection.’° The quantity of 
hlood required was so small—only a fraction of a cubic centimeter—that 
he ventured the belief that his method of dilution with 3 per cent. acetic 
acid would be adequate for the detection of the trichinella in blood drawn 
from a simple finger puncture in man, and might become a ready means 
of diagnosis. Up to date, no reports of such findings have yet appeared 
in literature. 

The case in which this positive finding was obtained was one of a 
family epidemic of trichiniasis occurring in the practice of Dr. Louis J. 
Lipset, to whose courtesy we owe the privilege of studying and reporting 
it. The family was seen first in consultation on March 17, and the prob- 
able diagnosis of trichiniasis made from the clinical symptoms, espe- 
cially the occurrence of edema about the eves and the finding of well- 
marked eosinophilia. The important facts in the clinical history of the 


cases are as follows: 


8. Frothingham: A contribution to the knowledge of the lesions caused by 
trichinella spiralis in man. Jour, Med, Research, 1906, x, 483. 
9. Staiibli: Klinische u. exper. Untersuchungenen iiber Trichinosis. Ver- 


handlung des Kongress f. klin. Med., Weisbaden, 1905, 354. 
10. Staiibli (C.): Beitrag zum Nachweis von Parasiten im Blut. Miinch, med, 
Woch., 1908, lv, 2601. 


Embryo of Trichinella spiralis in’ blood laked with 3 per cent acetic acid 


Leucocytes and disintegrated red cells also are shown x SOO), 
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History—tThe family, Italians, consisted of father and mother, seven girls 
and one boy; the mother and all the girls had displayed symptoms of the dis 
ease, the children in very mild form, while the mother was seriously all. The 
father and son had completely escaped. Inquiry showed that pork chops had 
been eaten for the mid-day meal, February 24, the father and son being then 
away from home. No other probable source of infection could be discovered, and 
the date of this bears the proper relation to the onset of symptoms. The Heaith 
Department is at present investigating this feature of the epidemic. 

Clinical Course.—The chronology of the cases is as follows: 

Case 1 (March 1).—Five days after the eating of the pork chops, the young- 
est child, aged two years, was taken with diarrhea, severe for two days, followed 
by swelling of the evelids and back of neck, fever and vomiting. Mevement of 
the head was painful. Total duration of illness about seven days. March 21, 
eosinophiles, 7.5 per cent. 

Case 2 (March 4).—Child of 11 years was taken with diarrhea of two days’ 
duration, then chilliness, fever, headache and slight swelling of the eyelids. This 
child had no muscular pain and was not in bed. March 21, eosinophiles, 37 per 
cent. 

Case 3 (March 9).—Child of 10 years came down with diarrhea then con- 
siderable swelling of the eyelids, fever and moderate prostration, and was in bed 
four days. No muscular pains. March 21, eosinophiles, 28 per cent. 

Cases 4 and 5 (March 9).—Two other children, twelve and seven years of age, 
were taken somewhat acutely ill with vomiting as well as diarrhea, and were in 
bed eight days. Both had marked swelling of the face and neck, and complained 
of pain on movement of the neck. March 21, eosinophiles, 7.5 per cent. in the 
eldest child and 24 per cent. in the other. 

Case 6 (March 9).—The mother was also taken sick on this day. Onset sudl- 
den, with diarrhea, fever, and vomiting, followed in ene day by sweiling of the 
tace and neck, with pain and stiffness of the neck on movement and tenderness 
to pressure. She became rapidly more ill and on March 18 was delirious, with 
much pain on movement, and tenderness of her muscles, occasional weakness 
of arms and legs, and indefinite signs of consolidation over her left upper lobe. 
The next day similar signs were heard over the right upper lobe. The reflexes 
were not lost. Her temperature reached 104 degrees and pulse for several days 
was 130 to 140. March 24, she was free from delirium, lung signs had disap- 
peared and she was evidently mending. March 18, the eosinophiles were 8 per 
cent., polynuclear neutrophiles 84 per cent. March 19, leucocyte count 11,000 
Her urine showed a moderate amount of albumin, with some coarse granular 
casts, red cells and leucocytes, and a trace of bile. 

Case 7 (March 12).—A child, of four, was taken sick with some vomiting 
and diarrhea, followed by fever, swelling of the eyelids and some pain and 
stiffness of the neck. In bed three days. March 19, eosinophiles, 29 per cent. 

Case 8 (March 15).—Child of eight had slight gastrointestinal disturbance 
and fever, and developed a little edema of the eyelids, without muscular pain 
or tenderness anywhere. She was in bed one day only. March 18, eosinophiles, 
19 per cent. 

Blood Examination (March 19).—The blood was taken from the arm veins of 
patients 6, 7 and 8, and diluted with ten parts of 3 per cent. acetic acid accord- 
ing to Staiibli’s directions, A large amount of blood—about 10 ¢.c.—was taken 
in the belief that the subsequent search for embryos would be facilitated thereby. 
In the blood from the mother (Case 6), four embryos were found in more than 
an hour’s search. None were found in the blood of the two children. March 
21st. 1.5 ce. of blood were again taken from the arm vein of the mother and 
laked with about fifteen perts of the acid. Two trichinelle were found easily, 
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without protracted search. The accompanying illustration is from a photomicro- 
graph made in the fresh state a few hours later. Attempts to identify the 
parasites in dry smears of the sediment, stained with methylene blue and by 
Wright's method, were unsuccessful, although Staiibli seems to have had no 
difficulty with this in his animals. The fresh specimens were examined by 
Dr. E. G. Janeway, Dr. Simon Flexner and Dr. Horst Oertel, and considered 
characteristic trichinella embryos. March 24, 3 c.c of blood were taken from 
Case 4, but no embryos could be found. The stools of the mother were examined 
twice, one of these times after the administration of half a gram of thymol, but 
ne adult worms were discovered. 

A careful survey of reported cases has failed to disclose a single one 
in which parasites had been detected in the feces of a living patient. 
Whether this would be possible during the earliest stage of the infection, 
when the diagnosis is never suspected, is questionable. It seems probable 
that after the diagnosis has been made from the symptoms attending 
muscular invasion, the adult worms are largely beneath the mucous 
membrane of the bowel, as well described in Frothingham’s™ recent 
paper in THe Arcuives. As a result of this study we feel justified in 
concluding that the final proof of the distribution of the Trichinella spi- 
ralis by way of the blood stream has been obtained in man, and in hoping 
that subsequent observation may prove the examination of the blood by 
Staiibli’s method a useful means of early diagnosis of the disease, where 
the clinical symptoms and the presence of eosinophilia have rendered its 
existence probable. There seems no question that the examination of the 
feces as a means of diagnosis is practically fruitless. The consent to the 
removal of a portion of muscle is not always had with ease; in our case 
it was entirely impossible to obtain it. The examination of a portion of 
excised muscle may give negative results, even when the disease exists, 
and less painful methods of diagnosis are certainly desirable. 

We are indebted to Mr. A. J. Martin, artist of the Russell Sage In- 
stitute of Pathology, for the accompanying photomicrograph. 


11, Frothingham (C., Jr.): The intestinal lesions caused by trichinella spiralis 
in rats. Tue Arcuives. INT. Mep., 1909, ii, 505. 


MENINGOCOCCUS SEPTICEMIA WITH STERILE CEREBRO 
SPINAL FLUID; IRIDOCYCLITIS; FLEXNNER’S 
SERUM; RECOVERY * 
DAVID BOVAIRD, Jr., M.D. 
NEW YORK 


The specific relation of the diplococcus of Weichselbaum to epidemic 
cerebrospinal meningitis is established beyond question. Investigations 
of the last few years have aimed to solve the mystery as to the sources 
of infection and the route taken by the invading organism in reaching 
its objective point in the meninges of the brain and cord. The first 
light on these questions came from the discovery of Albrecht and Ghon’ 
that organisms morphologically identical with the Diplococcus intrace!- 
lularis could be found in the nasal secretions of some of the patients. 
This observation was quickly followed by the proof that, while some of 
these organisms resembling the diplococcus of Weichselbaum belonged 
to other species, there was no doubt that the specific excitant of men- 
ingitis could be found in the nasal fosse of some of the patients and 
also of others who have not had the disease but had come in touch with 
patients. Thus Fliigge* found the meningococcus in the nasa] secretions 
of patients 4 times in 44 trials, von Lingelsheim* 182 times in 787 ex- 
aminations, while Koplik* quotes Goodwin and Sholly to the effect that 
the organism can be found in the nasal mucus in 50 per cent. of patients 
during the first two weeks of the disease and in 10 per cent. of those who 
come into contact with the patients. It seems therefore established that 
the respiratory tract, especially the nasal fosse, is the usual avenue of 
entrance for the organism. The route by which the bacteria make their 
way from this outpost into the cranial cavity has thus far been the sub- 
ject of speculation. The popular theory has been that the meningococcus 
makes its way directly through the sphenoidal or ethmoidal sinuses or 
the ethmoidal plate to the base of the brain. The facts, so far as thev 
are at present known, lend support to that theory. Evidence is, however, 
accumulating that it is possible that a general meningococcus septicemia 
may occur in the absence of a meningitis and that the svstemie circula- 


*From the Service of Dr. F. P. Kinnieutt in the Presbyterian Hospital. 
1. Albrecht and Ghon: Wien, klin. Wehnschr., 1901, xiv, 984, 

2. Fliigge: Klin. Jahr., 1906, xv, 353. 

3. Von Lingelsheim: Klin, Jahrb., v, 373. 

4. Koplik: Osler’s Modern Medicine, ii, 499. 
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tion may, at least in some cases, be the pathway by which the organism 
reaches and lodges in the meninges. 

That the meningococcus may be found in the blood in certain cases of 
epidemic cerebrospinal meningitis has been known for some time. In a 
recently published article Duval’ reports such a finding and has collected 
from the literature a number of others. The first positive blood finding 
is credited to Gywn in one of Osler’s patients. Warfield and Walker 
have reported 1 case, Lenhartz 2, Robinson 1 in 6 cases examined, Moller 
1, Martin and Rhode 1, and Elser, in 41 cases of cerebrospinal menin- 
gitis, found the specific coccus in the blood in 10. On the other hand, 
Bettencourt and Francis® report 6 cases in which the blood examination 
during life was negative and 3 in which the organism was found in the 
heart blood, and Councilman, Mallory and Wright, in 35 cases, made cul- 
tures from the heart blood with negative results. Fliigge* and Rauten- 
herg’ each report failures to cultivate the meningococcus from the blood. 

In addition to these reports collected by Duval, I have been able te 
find 2 positive findings made by Cochez and Lemaire,* 2 by Jacobitz,” 
1 by Kutscher,’? and 1 by Jager.” 

In a number of other cases the specific coceus has been found in 
locations indicating a systemic infection. Thus Fronz’? found the organ- 
ism in the meningeal exudate and in the right ankle, and Osler'® some 
years ago reported a similar observation. Gradwohl,’* in a postmortem 
examination of a pregnant woman who had died on the third day of her 
illness, found the meningococeus in the meninges of both the patient 
and the 7 months fetus, and also in pus from the mother’s ear, although 
cultures from the lungs, blood, placenta and uterus were negative. 
Jiiger'' reports finding the organism in the urine in one case during life. 
A general distribution of the organism throughout the body is reported 
by only two observers. Jiiger found it in the pericardium, pleural exu- 
date, liver, spleen and pus in the pelvis of the kidney in 1 case, and 
Duval isolated it from the eve, pericardium, heart’s blood, meninges and 
cerebrospinal fluid. Wintersteiner and Tooke (see Duval’) each recov- 
ered the organism from the spinal fluid and found it present in smears 

5. Duval: Jour, Med. Research, 1908, xix, 258 


6. Bettencourt and Franea: Ztehr. f. Hyg., 1904, xlvi, 463. 
7. Rautenberg: Veriffentl. a. d. Geb. d. Mil.-San.-Wes., 1905, No. 31, 34. 


Ss. Cochez and Lemaire: Baumgarten’s Jahresbericht, 1902, xviii, 91 
%, Jacobitz: Munchen. Med. Wehnschr., 1905, lii, 2178, 
ll. Jiiger: Die Epidemische. Meningitis als Heereseuche, Berlin, 1901, pp. 


108, 
12. Fronz: Wein. klin. Wehnsehr., 1897, x, 351. 
13. Osler: toston Med. and Surg. Jour., S98, exxxix, 64. 
14. Gradwohl: Philadelphia Med, Jour., 1899, iv, 445. 
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from the eyes, in which iridocyclitis was present, but could not obtain it 
in cultures from the latter site. Von Drigalska’® cultivated the organism 
from herpetic vesicles on the ear, although he could not obtain it from 
the blood of the patient. 

It thus appears that in a certain number of cases of cerebrospinal 
meningitis the meningococcus may be found not only in the spinal fluid, 
but in the blood or in various sites which indicate systemic infection, 
The number of such systemic infections thus far recorded is small, 
however, and we must regard them as rare. Duval, summing up his 
study, notes this fact and adds that there is at present no authentic case 
on record in which the meningococcus has produced lesions outside the 
meninges in the absence of a pre-existing meningitis. 

In 1902, however, Salomon'® reported the following case: 

The patient, a laborer’s wife, aged 32, was seized on July 30, 1901, with pains 
and swellings in her hands, elbows, and knees. On the following day she had a 
chill, followed by fever, and an eruption on the hands and feet, and became weak 
and faint. She was admitted to hospital on August 3. She was then suffering 
from a high fever, and the constitutional symptoms of a severe infection without 
focal signs, and had a profuse eruption resembling erythema exudativum. The 
fever and other symptoms persisted. On August 7 a blood culture yielded the 
meningococcus, From this time on there was no radical change in the patient's 
condition, the fever continuing, and new crops of the eruption appearing from 
time to time, until the end of September, when she developed signs of menin- 
gitis and lumbar puncture gave vent to a characteristic turbid fluid containing 
meningococci. The patient finally recovered in December. She had been sick for 
two months before the advent of the meningitis, and the meningococcus had been 
found in the blood nearly two months before the lumbar puncture, but as there 
is no record of a lumbar puncture having been made before the development of 
the symptoms of meningitis, the possibility of the presence of a meningitis early 
in her disease is not excluded in this case. 

The following case, reported in October of this vear by Lieber- 
meister,” is free from that objection: 

A laborer, aged 59, was admitted to hospital Feb, 25, 1908, complaining only 
of pain and stiffness in both shoulders. The beginning of his trouble he could 
not definitely place. The patient showed a high fever with signs of severe in 
fection but no focal symptoms. There was a roseola resembling that of typhoid. 
On March 1 a blood culture yielded organisms later proved to be Weichselbaum’s 
diplococeus. On Mareh 7 lumbar puncture gave a clear fluid, under normal pres 
sure, and containing no sediment. On March 18, 20 and 31 cultures from the 
blood still gave meningococci. On April 8 and 18 further cultures were negative: 
During all this time the fever of septic type continued, the eruption developed 
in repeated crops, and the patient had pains about various joints and some rigid 
itv of the extremities. He had, however, no rigidity of the neck, no Kernig, 
no signs of involvement of the cranial nerves, so that there appears no good rea 


15. Von Drigalski: Deutsch. med. Wehnsehr., 1905, xxxi, 982 
16. Salomon: Berl. klin. Wehnschr., 1902, xxxix, 1045. 
17. Liebermeister: Miinchen med. Wehnsehr., 1908, lv, 1978 
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son for assuming that the patient had meningitis, especially in view of the nega- 
tive results of the lumbar puncture (2). In May the patient developed an 
abscess on one arm, in which the common pyogenic organisms were found, but no 
meningococci. Finally the fever gradually subsided, the general condition im- 
proved and the patient recovered toward the end of June. In view of the evi- 
dence this case must, it seems, be accepted as a meningococcus septicemia without 
meningitis. As will later appear, I do not record this as proved by the negative 
results of the lumbar puncture alone; but the absence of the clinical signs of 
meningitis during the many weeks of observation and the normal spinal fluid 
constitute as strong evidence as can be had, so long as the patient recovers. 


Andrewes,’* pathologist of St. Bartholomew’s, in 1906, reported the 
following decisive experience: 


8 
is 
$0} 


} 


a 


“Nee 

+. Née, 

ADeRAL 
MTRAVENeY 


Pune 
Inra 


TURE 


UMBAR 
20 ce, 
I 


Pupct..Nes 
Brogn Cyeryn 


«tum 


i2e add 4 4 


A physician, aged 52, was suddenly taken sick on the morning of Feb. 12, 1906- 
A few spots appeared on the face at noon. By evening a profuse hemorrhagic 
purpura had developed. The patient was moribund. Temperature was 99.4, pulse 
imperceptible, respirations 34; intracellular cocci found in the polynuclear leu- 
cocytes of the blood, proved by cultural studies and pathogenicity to be the Dip- 
lococcus intracellularis. Autopsy showed no meningitis either in the gross or 
microscopically. Extravasated meningeal blood, however, yielded a more abun- 
dant growth of the diplococei than did that of the heart. 


Andrewes concluded that the case was proved to be one of blood infec- 


tion by the meningococeus without meningitis. 


IS. Andrewes: Lancet, London, 1906, i, 1172. 
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In view of this evidence of the possibility of systemic infection by 


the meningococeus in the absence of meningitis, | wish to put on record 
the following case: 

Patient.—S, P., aged 15, Russo-American, was admitted to the Presbyterian 
Hospital Oct. 5, 1908. Her family history was irrelevant. There was no con- 
tagious disease in the neighborhood; no meningitis among her friends. 

History.—The patient was born in New York; lived under fair tenement-house 
conditions; had never menstruated. From birth up to the age of 2 she had fre- 
quent hemorrhages from the navel. Since then she enjoyed good health. She had 
had no previous illness except measles eight vears ago, uncomplicated, 

Present Illness.—On October 4 the patient was perfectly well. She went to a 
holiday dinner and was said to have greatly overeaten. About midnight she 
vomited three or four times. Vomitus consisted of green undigested food; vomit- 
ing was not projectile. The rest of the night the patient seemed to sleep quietly. 
On the morning of October 5 she complained of slight headache. The child did 
not seem very ill and the parents went to the synagogue, leaving her at home 
alone. At noon when they returned the child seemed as if dead, her face was 
yellow, and there were many dark spots on the body. She did not recognize her 
parents; the urine and feces were passed involuntarily. After that she was in a 
stupor; shook a little but had no real convulsions. She had no vomiting, and 
could swallow a little. The eyes were closed. She was brought to the hospital 
in an ambulance. 

Examination.—A careful physical examination was made by Dr. Du Bois; 
only the important findings are here reported. The patient was a well-nourished 
but rather undersized girl of 15. She lay doubled up on her right side, uncon- 
scious, but could be roused enough to give her name and age. When left alone 
she was perfectly quiet; when disturbed she resisted a little with her hands. She 
was cyanotic, not anemic or dyspneic. She looked very seriously ill. 

Tongue: Moist and coated with white fur and covered with thick mucus, 

Eves: Pupils small, equal, reacted slightly; no ocular palsies, no nystagmus. 
On the ocular and palpebral conjunctiva were several smal] petechial spots. 

Neck: Not stiff; when moved forward of the median line, the patient was 
aroused and resisted a little. 

Heart: No enlargement. Action 140 to the minute, regular, of good force. 
No murmurs heard. 

Pulses: Equal, corresponded to apex, small, soft, walls of vessel not felt. 

The other viscera apparently normal. 

Extremities: Upper, no paralysis. Lower, no paralysis. No edema, knee- 
jerks normal. Kernig: There was slight resistance when the leg was fully ex- 
tended on the flexed thigh. 

Surface: Over the whole surface, but most abundant on the abdomen, was a 
profuse eruption of irregular purpurie (purple) spots varying in size from a pin- 
point to 2 cm, in diameter. They occurred in the face, conjunctive and pharynx. 

Clinical Diagnosis: Epidemic cerebrospinal meningitis, fulminant. 

Course of Disease-—October 7: Temperature 100 to 101. Lumbar puncture. 
at 9 p. m., October 5, withdrew normal fluid at normal pressure. High leucocy- 
tosis. Urine normal. Patient was very noisy and irrational, at times unusually 
bright. She seemed somewhat hysterical. She could repeat her multiplication 
tables with few mistakes. The neck seemed a little stiff. No new spots ap- 
peared on the skin; the old ones were a little darker and were now a reddish 
purple, edges indistinctly defined; many of them had gray centers which seemed 
to be on the point of sloughing. These were slightly raised and distinetly tender. 
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There were about 20 such spots on the buttocks, 3 on the right hand, 1 on the 
chin, 1 on the left shoulder, about 20 on the thighs and legs. There was a crop 
of herpes on the lips. 

October 9: The patient was a little quieter; she was obstreperous but per 
fectly rational. She had no headache. The herpes vesicles on the lips were more 
marked. The tongue was splightly coated and red at the edges. The petechial 
spots on the soft palate were now white and sloughing. The right eye showed a 
severe conjunctivitis, the whole conjunctiva being intensely injected and swollen 
The left conjunctiva was normal. The hearing was acute. The neck was a little 
stiff. The joints were held somewhat stiff, but not tender. Kernig: The pa 
tient complained of great pain when an attempt was made to extend the leg 
beyond 135 degrees. No new petechial spots had appeared. The spots which 
two days previously showed gray centers were indurated and tender, not broken 
down and seemed to be dissolving. Lumbar puncture October 8 was unsuccessful, 
only blood being obtained after several punctures. 

October 11: The temperature rose to 102.5. The patient was quieter, and 
perfectly rational. She had pain in the feet and abdomen. Leucocytes continued 
high. Lumbar puncture withdrew only a small amount of dark clotted blood. 
Conjunctivitis in the right eye increased rapidly. October 10 it was found that 
the cornea was hazy, iris blurred and markings indistinct and that the anterior 
chamber contained much yellowish exudate. The eye was examined by Dr. F. J 
Parker, who made the diagnosis of hemorrhage in the eye with iridocyclitis. 
This day there was no facial paralysis; hearing was acute; there was no head- 
ache; the neck was stiff and could not be bent beyond the midline. The mouth 
showed two small ulcers where the petechial spots had been located. Over the 
outer aspect of each ankle there was redness, slight tenderness, increased local 
heat. The right foot was more tender. All the smaller purpuric spots on the 
skin had practically disappeared and there were now only faint purplish mot- 
tlings. A few of the larger ones were still indurated with gray sloughing cen- 
ters. The skin was not broken down over any of them. All the joints were stiff 
and a little painful on movement. 

October 13: Temperature was 101 to 103. Meningococci were found in the 
blood culture taken October 9. The patient was very noisy and at times irra- 
tional. The whole anterior chamber of the eye was hazy; the exudate did not 
seem increased; the conjunctive not so much inflamed. The neck was very stiff. 
The spots were fading; there were now about fifty left. A few contained pus; 
none were broken down. Kernig: ‘The legs could be extended to within 45 de- 
grees of a straight line. The knee-jerks were faint. The feet were no longer 
«wollen. The general condition was not so good. The patient talked incessantly 
in a loud shrieking voice. The cultures obtained from the blood were submitted 
to Dr. Flexner who corroborated the diagnosis, 

October 14: On October 13 lumbar puncture in the third lumbar space, 
withdrew about 20 c¢.c. of claret-colored fluid not under increased pressure. It 
did not look purulent and no organisms or pus cells were found. Twenty c.c. 
of Flexner’s meningitis serum were injected into the spinal canal and 25 
ec. more were given in an intravenous infusion just after a blood cul- 
ture had been made. This latter proved sterile. Following this the tem- 
perature rose to 104.6 but fell a little to 103.4 on the morning of October 14. 
The patient was still very noisy. She did not seem irrational and could 
multiply 6 by 6 and 5 by 8 correctly. She seemed hyperesthetic when 
touched. The neck was not quite so stiff as on the 13th. The throat was clear 
except for white patches on the left tonsil and right cheek, where petechial 


patches were located. Right eye: Conjunctival sac deeply injected and swollen, 
although not so much as three days previously. The cornea was cloudy, the 
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pupil moderately dilated, iris cloudy. There was a white patch apparently in the 
middle of the anterior chamber. Knee-jerks active. Sensation: Patient could 
distinguish accurately between sharp and blunt end of a pin. Kernig: The right 
leg could be extended to within 35 degrees of a straight line. The left could be 
extended to almost a straight line. The joints were no longer stiff. The feet 
were only a little tender. No paralysis; eyes looked in every direction; the 
tongue did not deviate. General condition a little better. 

October 19: This was the fifteenth day since the onset. The patient was im- 
proving steadily. On October 17 30 c.c. of Flexner’s serum was given sub- 
cutaneously. After that the temperature fell from 101.5 to 100. The leucocytes 
were decreasing. The patient was very noisy and irrational at times, but this 
seemed to be largely hysterical. This morning she was rational and laughed and 
complained of no pain. The eye was still hazy and there was an opacity ap- 
parently on the anterior surface of the lens, but this was decreasing in size. The 
pupil was dilated and a little irregular. The conjunctivitis was less marked. 

October 20: Lumbar puncture gave clear fluid at first; later a little blood; 
pressure was low; fluid rose in tube to 11 cm., and when patient was crying 
ranged between 11 and 27 em., returning to 11 em. when patient became quiet. 

November 5: The temperature remained below 100. The patient was up in 
a chair without fatigue; had no headache, no earache, no pain in the eye. Vision 
with left eye seemed normal, with right eve absent. Intraocular tension was very 
low, pupil dilated and a little irregular. Far back in the posterior chamber was 
a gray mass. Iris was dull, conjunctive slightly injected. Sloughs on tonsils 
and inside of cheeks had entirely healed. Otherwise the patient was well. 

November 25: The patient had made a steady improvement; was now able 
to be up and about. The right eye was still blind. Beyond a moderate anemia 
the patient showed no other consequence of her illness. 


TABLE or Leucocyte LUMBAR PUNCTURES, ETc. 
Dayof Lenco 


late Disease. cytes Ilour 

10/ 5.. 12:30 a.m. Onset with vomiting. 

9 p.m. Lumbar puncture—clear fluid. 

10/ 6.... 2 27 500 

10 8 2 28,600 5:20 p.m. Lumbar puncture—small amt. blood, 

10/ 9.. 5 30 pm Lumbar puncture—dark blood clot. 

10/ 9.... 5 5:20 p.m. Blood culture—pure cult. meningococei 

10/12 19.400 

10/13 9 4 p.m. Lumbar punc.—clear blood-tinged fluid. 
4:15 p.m. Flexner’s serum—20 intradurally. 
4:30 p.m. Blood culture—sterile. 
4:50 p.m. Flexner’s serum—25 c¢.c, intravenously 

10 14 10 18.000 5:15 p.m. Flexner’s serum, 30 ¢.¢c, subeutaneously 

18,200 

10/15.... 11 18,400 

10/16 12 13,800 

10/17... 13 13,100 2:30 p.m Flexner’s serum, 30 ¢.c. subcutaneously. 

10/18 13,000 

1/19 5 9.000 

10/20 16 11,100 6:25 p.m. Lumbar puncture—clear fluid, 

10/21 7 10,400 

10/22 18 9.800 

10/24 20 10,100 

10/26 . 22 23,500 

10/27 23 17,600 

10/30 20 14,100 

20 14,700 


+ 
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COUNTS OF LEULCOCYTES 


DIFFERENTIAL 


Volynuclears 


Transitionals 3 1.3 
Large mononuclears 8. 9.6 

Lymphocytes .. 6. 15. 27.8 19 
Kosinophiles 0. 0. 7 0.7 O7 
Platelets . few few few few few 


*300 leucoc counted. 


REPORTS 


PATHOLOGICAL LABORATORY 


Oct. 9—Blood culture on broth. Pure culture of meningococcus (Cecil). 

Oct. 13—Blood culture on broth. Both sterile. 

Oct. 12—Smears from right conjunctiva. Pus: fibrin. Very few micro-organ 
isms (Meakins). 

Oct. 11—Culture from right eye (blood agar). Smears show mucus and pus; 
Gram cocei and bacilli. Cultures give Staphylococcus albus and B. 


(Cecil). 
Oct. 13—Smears and cultures from purpuric spot (sheep serum agar). Smears 
show a few scattered pus cells but no bacteria, Cultures sterile (Cecil) - 


Oct. 12—Smears from vagina. Many organisms and epithelial cells (Meakins). 

Oct. 13—Smears from posterior fornix of vagina, 12 hrs. after douche. Moderate 
number of pus cells negative (Cecil). 

Oct. 5—Spinal fluid. Twenty c.c. perfectly clear fluid. No sediment. No coag- 
ulum. Smears negative. Culture sterile (Cecil). 

Oct. 9—Spinal fluid. About 1 ¢.c. of serum containing a large blood clot. Smears 
show blood but no pus. No micro-organisms, Cultures sterile (Cecil). 

Oct. 13—Spinal fluid. 15 ¢.c, of blood-tinged fluid. Dark red sediment. Smears 
show blood but no pus. Cultures sterile (Cecil). 

Oct. 16—Spinal fluid. 25 ¢.c. blood tinged. Dark red coagulum. Smears show 
blood, no pus, no bacteria. Cultures sterile (Cecil). 

Oct. 20—Spinal fluid. 30 c¢.c. of clear colorless fluid. No coagulum. No sedi 
ment. Smears entirely negative. Cultures sterile (Cecil). 

Oct. 7.—Urine, 24 hours; alkaline; sp. gr., 1014; no albumin, no sugar, no in 
dican. Quantity 1076 ¢.c. Urie acid, 0.403 gm. Total phosphates, 
2.09 gm. (Granat). 


As it is established that meningococcus septicemia is possible with- 
out meningitis, the question naturally arises whether the case here re- 


corded belongs in that category. 
On the admission of the patient the clinical diagnosis was entered 


as cerebrospinal meningitis. In the light of the negative lumbar punc- 
ture, and the marked hemorrhagic symptoms, together with the absence 


of conclusive signs of meningitis, purpura hemorrhagica was later sug- 
vested. The blood culture cleared up the question of diagnosis. We 


are not yet entirely satisfied as to the presence of meningitis. On ad- 


mission the patient was stuporous, but without notable stiffness of 


the neck or extremities, or other definite evidences of invasion of the 


cord or brain. Later the stupor gave place to a fretful and irritable 


mental condition, in which the patient appears to have been mentally 
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more active than since her recovery, with definite rigidity of the neck, 
Kernig’s sign and general hyperesthesia. The apparent Kernig may 
have been due to the involvement of the knees. Rigidity of the neck is 
seen, as all know, in conditions free from meningitis, such as typhoid 
fever or pneumonia, and Kernig’s sign is not by any means limited to 
meningitis, but taken together these symptoms certainly point to a defi- 
nite involvement of the cord. On the other hand, five successive lumbar 
punctures yielded a quantity of cerebrospinal fluid which must have 
shown the meningococeus if the cord had been involved in the inflam- 
matory process; on each occasion, however, the fluid proved sterile. 

The chief source of cerebrospinal fluid, it is agreed, is the chorioid 
plexus. The maintenance of a normal supply of the fluid about the cord 
implies an uninterrupted circulation of the fluid from the ventricles of 
the brain through the foramen of Magendie to the spinal canal. The 
quantities of fluid obtained at lumbar puncture, 20 ¢.c., 1 ec. 15 e.c., 25 
c.e, and 30 ¢.c, seem to show clearly that there was no obstruction to the 
normal course of the fluid, or the later tappings would have been “dry.” 
The inability to obtain more than 1 ¢.c. on the second puncture was evi- 
dently due to the presence of considerable blood at the usual point of 
puncture. When the needle was later inserted in the third lumbar space 
the larger quantities were readily obtained. The normal pressure read- 
ing obtained at the puncture of October 20 is another strong argument 
for the presence of normal circulatory conditions in the spinal canal. 
Involvement of the cord can, therefore, it would seem, be excluded. 

The possibility remains that there was a meningitis limited to a part 
or the whole of the cerebral surface but cut off from connection with the 
surface of the cord, or of such nature that the usual purulent exudate 
was lacking. For either of these suppositions no support can be found in 
the pathology of epidemic cerebrospinal meningitis. Involvement of the 
cord seems always to be found. In the thirty-five autopsies of Councilman, 
Mallory and Wright the process always invaded the surface of the cord 
to some extent, and so far as I can learn such extension of the disease is 
constant. It is well known that in the early stages of the meningitis 
the pathologic process may be limited to a congestion of the pia-arach- 
noid with very little exudation, so that an early lumbar puncture may 
be negative, but in cases protracted for two weeks or more the typical] 
exudate always appears and the spinal fluid sooner or later shows pus 
and cocci. It is also true that in a series of punctures one or more may 
be sterile while the others yield the specific organism, but I can find no 
reference to an experience such as ours, in the presence of a definite 
meningitis. 

The involvement of the eye to the extent described may be regarded 
as good evidence of the presence of a meningitis. Councilman, Mallory 
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and Wright report the histologic examination of two eves presenting the 
lesions of iridocyclitis as a complication of cerebrospinal meningitis. In 
one of these they were able to trace the meningococci along the optic 
sheaths from the brain to the eye, apparently showing that the inflam- 
mation of the eye developed by direct extension from the pia-arachnoid. 
On the other hand, it must be granted that, the organism being present 
in the blood, it may readily lodge in any part of the body, affecting the 
eve quite as easily as the joints. 

In view of the conflict of evidence it is impossible to reach an en- 
tirely satisfactory conclusion, but it seems easier to explain the clinical 
symptoms as expressions of a general bacteriemia than to assume the 
presence of a meningitis in the face of the strong evidence against it. 
In the title of this report, however, only the proved facts have been 
stated: a meningococcus septicemia with sterile cerebrospinal fluid. 

Apart from the difficult problem of diagnosis the case here reported. 
presents interesting features. 

The eruption was a very remarkable one in the size of the petechial 
areas and the sloughing which took place in the centers of the larger 
patches. 

In Salomon’s and Liebermeister’s patients also the eruptions were 
striking features of the illness. They describe the lesions as a roseola, 
resembling that of typhoid, or like flea-bites. The multiform character 
of the eruptions seen in cerebrospinal meningitis is too well known to 
merit comment. It is perhaps suggestive that in those cases in which, 
as in the present case, the meningococcus was present in the blood, the 
eruptions were so marked. Is the eruption in these cases the expression 
of an embolic or thrombotic process set up by the lodgment of the spe- 
cific organism in the capillaries of the skin? It is of interest that in 
Andrewes’ cases, as well as in the one here recorded, the appearance of 
the eruption marked the onset of the disease; and if we take this view 
of its pathogenesis, we have another argument for primary blood infee- 
tion in the case just reported. 

Liebermeister notes that his case enables us to determine the accessory 
symptoms of meningitis—that is, those due to the general infection and 
not to the focal lesion; and he enumerates these as hectic fever, pain in 
the joints, and contractions of muscles, slight mental dullness, emacia- 
tion and roseola-like rash. The fever, eruption and arthritis with re- 
sulting muscular contractions are all found in Salomon’s case, as well as 
the one here reported. 

All but two of the ten cases in which Elser found the meningococcus 
in the blood proved fatal; and in almost all the other cases of menin- 
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gococcus septicemia here mentioned the outcome was the same. It is 
therefore notable that the patient whose case has just been recorded made 
a prompt recovery. Liebermeister’s was in the hospital for four months, 
Salomon’s for more than that period. The patient here reported was 
quite well at the end of one month, and is now, at the end of the second, 
able to return home at any time she wishes. In fact, whether she had 
meningitis or not, the rapidity of her recovery was remarkable, all the 
more so if it be granted that she had meningitis as well as the blood 
infection. In what degree this rapidity of recovery was determined by 
the energetic administration of the Flexner serum one can not say, but 
from clinical observation we (the hospital staff) were satisfied that the 
serum played an important part in the improvement of the patient. 

It has been noted that the blood culture taken immediately before 
the first dose of serum, as well as those cultures made later, all proved 
sterile, but it would not be justifiable to assume from this fact that the 
organisms had altogether disappeared from the blood before the intro- 
duction of the serum. The efficacy of the serum has been too well proved 
in cases of meningitis to make it desirable to pursue this point further. 

Special mention must finally be made of the ocular complication. 
Beginning as a conjunctivitis, this quickly developed into a panophthal- 
mitis, with hemorrhage in the vitreous humor. The affection increased 
rapidly and seemed to threaten the destruction of the eye. Following 
the use of the serum, improvement began which, in Dr. Parker’s opinion, 
was most remarkable. From that time on the condition changed rapidly 
for the better, and the preservation of the eye, though without vision, 
seems assured. Dr. Parker considered the condition as typical of meta- 
static infective inflammation of the eye. The cases of Tooke, Winter- 
steiner, and Duval were apparently of like kind. It is notable that these 
were all fatal cases. The complication is not a frequent one and the 
cases just mentioned are the only ones in which Duval could find mention 
of it. Koplik speaks of it as a complication of fatal cases only. The 
fortunate recovery of our patient is, therefore, all the more noteworthy 
and constitutes a strong argument for the efficacy of the serum. 

The cases here grouped together fairly establish the possibility of a 
primary meningococcus septicemia and suggest the clinical picture. 
Doubtless with more frequent bacteriologic examination of the blood 
during life we shall find such cases not very uncommon. 

My thanks are due to Dr. Kinnicutt for the privilege of reporting 
this case, and also to the house physician, Dr. DuBois, for the very ecare- 
ful clinical notes recorded from day to day. 

126 West Fifty-eighth Street. 


THE OCCURRENCE OF FAT IN THE ISLANDS OF 
LANGERHANS * 


DOLGLAS SYMMERS. 
NEW YORK 


From the pathologic standpoint perhaps the chief interest 


pancreas lies in its relationship to diabetes. ‘The association of 


diabetes with diseases of the pancreas is not an infrequent one and was 
noted by Cowley as early as 1788. It remained, however, for Minkowski 
and von Mering,’ in 1889, to establish a definite anatomic basis for 
pancreatic diabetes. These investigators extirpated the whole 
pancreas from certain animals and succeeded in reproducing the typical 
manifestations of diabetes as observed in man, and their conclusions 
have been confirmed since by many others. 

In 1901 Opie* contributed a noteworthy contribution to the patho- 
gic histology of diabetes, directing attention especially to changes 


in the islands of Langerhans. The structure and location of these 
slands, the rich supply of capillary vessels in them, the intimate rela- 
tionship of the cells to the capillary network and the absence of ducts 
favor the view that these bodies are comparable to the ductless glands. 
It is assumed that they elaborate an internal secretion that bears an 
important relation to the metabolism of the carbohydrates. This 
hypothesis is supported by considerable evidence. 

For example, in certain lesions of the liver characterized by destruc- 
tion of the parenchyma, the islands of Langerhans have been found 
tremendously enlarged. In Warthin’s case* there was a primary adeno- 
carcinoma of the gall bladder with extensive metastases in the liver. 
Ohlmacher* reports an exactly similar case and, in addition, a con- 


*From the Pathological Laboratory of the New York Hospital. 

1. Von Mering (J.) and Minkowski (O.): Diabetes mellitus nach Pankreas 
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siderable number of other cases, such as cirrhosis, chronie passive con- 
gestion, ete. I have observed the same enlargement of the islands of 
Langerhans’ in the pancreas of a non-diabetic individual who died from 
an acute exacerbation of a subacute diffuse hepatitis, and quite often 
moderate hypertrophy of the islands associated with advanced brown 
atrophy of the liver is observed in senile individuals. Ohlmacher sug- 
gests that the insular changes accompanying hepatic lesions are to be 
explained on the ground that the islands enlarge in an attempt to com- 
pensate for the limitation of the carbohydrate-burning function of the 
liver cells. 

The functional importance of the islands of Langerhans in carbo- 
hvdrate metabolism is, furthermore, suggested experimentally. If the 
main duct of the pancreas be ligated, the whole of the part of the gland 
that is drained by its radicles atrophies and disappears, while the 
islands remain intact and no sugar appears in the urine (Ssobolew). 
If, however, the whole of the pancreas be now removed, glycosuria super- 
venes. If, on the other hand, the pancreas be allowed to remain in the 
body the islands eventually become involved in the sclerotic process and 
sugar appears in the urine. 

Opie called attention® to two varieties of chronic pancreatitis—an 
interlobular and an interacinar. In the first-named lesion the islands of 
Langerhans are affected only when the sclerosis becomes extreme. In 
eleven such cases diabetes was present in one instance only and was mild 
in degree. In this case the islands were involved. The second variety 
is characterized by diffuse invasion of the lobules by connective tissue 
and by definite anatomic alterations in the islands. In such cases dia- 
betes is present. 

Opie’s observations have been amply confirmed by several investiga- 
tors. But numbers of cases have been recorded in which the islands of 
Langerhans appeared microscopically to be unaffected. Karakaschef, 
for example,.® examined the pancreas in 11 cases of diabetes. In 4 in- 
stances the patients had died in coma. In no case did he find sufficiently 
marked changes in the islands to account for the existence of diabetes. 
In some cases, on the contrary, the islands were less sharply defined than 
normally and were distinctly hypertrophied. The cells at the periphery 
showed an acinus-like formation resembling that of the gland substance 


5. Symmers (D.): Am. Jour, Med. Se., 1908, exxxv, 251. 
6. Karakascheff: Centralbl. f. allg. Path., 1904, xv, 992. See also Vincent 
(S.) and Thompson (F. D.): The islets of Langerhans in the vertebrate pan- 


creas. Proc. Physiol. Soc., London, 1906, p. xxvii. Jour. Physiol., 1906, xxxiv. 
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From the pancreas of an alcoholic male subject, aged 63, who died from an injury 
to the skull. Stained with Sudan IIT. 
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proper and zymogen granules appt ared in them. 


sion is that the islands probably have no specific relationship to diabetes, 


but that they represent incompletely developed parts of the gland, the 
cells of which are capable 0 
ite for those that have been rendered useless. 


f being transformed into parenchyma cells 
to compensi Hansemann,’ 


| 15 cases of diabetes, 


as a result of the examination of the pancreas In 
came to the conclusion that the islands of Langerhans “have nothing to 
most, their connection. there 

1 hy Herx- 


expre 
literature 


do with the production of diabetes, or, at 
with is verv remote.” Similar opinions have been 


he mer and Die khoff. In a series of cases collected from the 


and analyzed by Sauerbeck* the islands of Langerhans were found to be 
unchanged in 36, slightly changed in 42 and greatly changed in 43. In 
this connection it is interesting to recall that M. B. Schmidt® has ob- 
served an increase in the size and number of the islands of Langerhans 
‘n a diabetic individual 55 years of age. MacCallum'" has 1 ported a 
similar case in a diabetic boy 10 years of age It is also interesting to 
note that Lazarus"? has produced very remarkable hyperplasti changes 


in the islands of Langerhans of guinea-pigs hy the prolonged adminis 


tration of phloridzin and adrenalin. 

Similarly. there are authentic cases of total destruction oF Un juan 
creas, unaccompanied by diabetes. Thus Hansemann 
re substance of the organ transformed into tumor Us 


He describes a forn 


las seen the enti 
sue without the occurrence of sugar in the urine 
if granular atrophy of the pancreas that stands, he thinks, in ¢l 
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relationship to diabetes. In order to explain the non-occurrence of dia 


hetes in those instances in which the pancreas has been entirely conv rted 


who prefer to believe that in the conditions in question 


the main pancreas }s transferred to pancreatic rudiments to be found 


Pearce: Am. Jour. Med. Se., 1904, exxix 17s 


into cancer, he advances the ingenious hypothesis that the cancer c¢ IIs 
themselves exercise that function which. in the normal pancreas nflu 
ences the metabolism of the carbo drates. “There are those, however, 

the funetion of 


in various parts of the a domen. The literature contains frequent ref 
erences to the discovery of euch rudiments, and, as a matter! of fact, the 
ire not uncommonly to be obse rved in the walls of the stomach at 1 in- 

7. Hansemann Centralbl. f. allg. Path., 1904, xv, 552 

8. Sauerbeck Virchow’s Arch. f path \nat Suppl Heft, 1004, « evil, | 

Schmidt W. B Miinchen. med Wehnscht 1902, xl, 51 

10. MacCallum Am. Jour. Med. 107, exxili, 432 

11. Lazarus: Miinchen. med, Wehnechr., 1997, xlv, 2222 

12. Hansemann Ztschr. f. klin. Med., 1894, xxvi, 19] For a concise discus 
sion of the relationship hetween cancer of the pancreas and giveosuria «Or 
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testines in the routine microscopic examination of these parts. In the 
course of the latest 150 autopsies I met with accessory pancreases of 
considerable size in 3 instances. Only one was examined microscopic- 
ally, and in this well-preserved islands were found. The presence of 
slands of Langerhans in the rudimentary pancreas has also been dem- 
onstrated by Albrecht, Wright, Opie, Thorel, Warthin, Theleman, Miil- 
er, Gardiner and others. 

Even this cursory review of the more important anatomic facts bear- 
ng on the functional significance of the islands of Langerhans is suffi- 
cient to indicate that the subject is considerably involved. Otto Cohn- 
heim,’® however, is responsible for a highly significant contribution to 
the chemistry of the subject that tends to harmonize and clarify cer- 
tain apparently contradictory anatomic observations. This investigator 
obtained extracts of the pancreas and of the muscles of dogs and cats. 
When glucose was added to either of these extracts independently no 
change occurred. When, however, the pancreatic and muscle extracts 
were mixed in certain proportions and glucose was brought into contact 
with them, this latter substance was split into alcohol and carbonic acid. 
The addition of an excess of pancreatic extract served to diminish or to 
retard the reduction of the carbohydrate. According to Cohnheim, the 
muscles produce a glycolytic substance that is activated by a body pro- 
duced in the pancreas of the nature of an internal secretion. Working 
ndependently of Cohnheim, Rahel-Hirsch’* announced similar results 
and, in addition, that extracts of the liver are normally capable of re- 
ducing glucose to a certain extent, but that if small amounts of pan- 
ereatic extract are added the decomposition is greatly accelerated. 

In addition to the facts already stated, it is important to call atten- 
tion to still another phase of the subject, namely, the occurrence of fat 
in the islands of Langerhans. The presence of fat in these situations 
was first recorded by Dogiel,’® who regarded it as a mark of the func- 
tional insignificance and degenerate character of the islands. Some 
vears later the subject was reopened by Stangl,’* who investigated the 
fat content of the pancreas at different ages, relying mostly on osmic 


13. Cohnheim (Otto): Ueber Kohlehydratverbrennung in den Muskeln und 
ihre Beeinflussung durch des Pankreas. Ztschr. f. physiol. Chem., 1903, xxxix, 
336. Id: Ueber Kohlehydratverbrennung. 2 Mitteilung. Die aktivierende Sub 
stanz des Pankreas. Ibid, 1904, xlii, 401. 

14. Quoted by Adami: Principles of pathology, ed. 1, Philadelphia, 1908, Lea 
and Febiger, p. 333. 

15. Dogiel: Arch. f. Anat. u. Physiol., 1893, 117. 

16. Stang] (E.): Zur Histologie des Pankreas. Wien. klin. Wehnschr., 19901, 
xiv, 964. 
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acid as a stain. In a 20 cm. fetus Stang! found certain numbers of 
fatty granules in the cells of the islands of Langerhans. Elsewhere the 
pancreas was free from fat. In older fetuses and in new-born infants 
he was able to detect, in addition to fat particles in the islands, a few 
small droplets in the outer zone of the gland cells. As the scale of years 
was ascended this picture became exaggerated until, in very old indi- 
viduals, fat droplets were found to be distinct and numerous, occurring 
not only in the gland cells and in the cells of the islands, but also in thy 
centro-acinar cells and in the epithelium of the ducts. Stangl was 
unable to trace any relationship between the presence of fat and patho 
logic changes in the gland itself. Weichselbaum and Stangl'* examined 
the fat content of the islands of Langerhans in several cases of diabetes 
mellitus and found it present in excess of the quantities to be expected 
in non-diabetic individuals of like ages, but, in view of Stangl’s inde- 
pendent observations, they did not attach any spe ial importance to the 
observation. 

I have had occasion to study the fat content of the islands of Lan 
gerhans from a purely morphologic point of view in a series of 73 uns¢ 
lected autopsies, relying largely on Sudan III as a stain. Sections of 
the pancreas 10 micromillimeters in thickness were cut on the freezing 
microtome, passed rapidly through 95 per cent. alcohol and subjected to F 
the action of a saturated solution of Sudan III in 80 per cent. alcohol at 1 
a temperature of 37 degrees C. for eighteen to twenty-four hours. At 
the end of this time they were washed rapidly in 80 per cent. alcoho! 
and then in water and mounted in glycerin, after being counterstaine 
in Bohmer’s hematoxylin. In these circumstances the fat appears in 
two forms, either as very minute golden-red granules or as small drop- 


lets, staining a golden red at the periphery and yellowish in the center. 


The fatty particles may be seen lying in the cytoplasm of the cells, the 
nuclei occupying their normal positions or being but slightly displaced. 
When present in excessive quantities, the individual cell body is en 
tirely filled, partly by minute granules, partly by the droplets already 
: described. Viewed under the low power of the microscope the islands 
stand out as sharply defined bodies presenting a brilliant golden-red 
color in striking contrast to the blue of the surrounding parenchyma, 
so that the pathologic nature of the process manifests itself at a glance 
Sections stained with hematoxylin and eosin in the usual way and passed 
through the various alcohols fail to reveal, even under the oil immer 


sion lens, the slightest changes in the cells suggesting the presence of 


17. Weichselbaum u. Wien. klin. Wehnsehr., 1901, xiv, 968 
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fat in their cytoplasm. ‘When present in the cytoplasm, the fat stains 
readily with osmie acid and responds to the usual microchemical tests. 

The 73 subjects varied in age from, still-born infants to 69 years 
and presented at autopsy a great variety of anatomic lesions. In 32 
instances the subjects had been long addicted to the use of alcohol. Of 
this number, 24 (75 per cent.) presented excessive accumulations of fat 
in the islands of Langerhans. ‘The youngest of these subjects was 38 
years of age, nine were between 40 and 50, seven between 50 and 60, and 
seven between 60 and 70. In the remaining eight subjects (25 per 
cent.) the islands were either free from fat or fat was present in negligi- 
ble quantities. Of these subjects two were between 30 and 40 years of 
age, two between 40 and 50, two between 50 and 60, and one was 68 
years of age. In 41 non-alcoholic individuals there was no evidence of 
fat in the islands or fat was present in entirely negligible quantities: 
that is to say, one or two minute fatty granules could be made out in an 
occasional island. These subjects varied in age from a 7 months’ fetus 
to 68 vears. Of the 75 subjects, two suffered from advanced diabetes 
mellitus during life, and in neither instance did the islands of Langer- 
hans contain fat or show pathologic alterations of any description. 

It is to be observed that these statements are at variance with certain 
of those made by Stangl, in that I have never been able to detect the 
presence of fat in the islands of Langerhans in a single subject below 
the age of 38, while in the great majority of those subjects in whom 
it was detected there was an associated history of alcoholism. In this 
connection it is significant that Stangl’s observations were made in a 
country (Austria) where the use of alcohol is almost universal, even 
among the growing children, and where sucklings receive it through the 
medium of the mother’s milk, in small quantities at least.'* 

The morphologic observations above outlined assume some degree 
of significance, I believe, if considered in connection with certain clini- 
cal investigations carried out by Strauss and with the general facts 
already stated bearing on the functional significance of the islands of 
Langerhans. 

It has been determined’® that a normal individual is capable of 
assimilating from 150 to 200 grams of glucose in a given length of time. 
Bevond this amount the organism is intolerant of sugar, and the excess 


18. Sollmann: Text-book of pharmacology, ed. 1, Philadelphia, 1901, W. B. 
Saunders Co., pp. 426 and 443. 

19. Moritz: Verhandl. d. x Cong. f. inn. Med., 1891, 492. Von Noorden: Dis 
orders of metabolism and nutrition, English translation, 1905, p. 33. Barringer 
and Roper Am. Jour, Med. Se., 1907, exxxiii, 842. 
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° working in Senator’s clinic, took 


advantage of this knowledge and administered to each of 50 healthy 


s excreted in the urine. Strauss,* 


individuals 100 grams of glucose dissolved in water. He failed to note 
the slightest intolerance in a single instance. On the other hand, 20 
individuals suffering from acute alcoholism were similarly treated and 
sugar appeared in the urine in 14 (70 per cent.) of them. Forty-one 
individuals belonging in the category of chronic alcoholics were likewis 
treated and as a result 3 of them were found to be intolerant even of 
this relatively small dose, sugar appearing in the urine in considerabl 
quantities. 

The foregoing observations justify, I believe, the following conelu 
sions: 

1. The presence of fat in appreciable amounts in the islands of 
Langerhans, contrary to certain observations recorded by Stangl, is 
invariably pathologie. 

2. Fat accumulates in these situations in individuals at or bevond 
middle life in response apparently to certain changes brought about in 
the cells by the prolonged use of aleohol. Thus, out of 32 alcoholic sub- 
jects excessive accumulations of fat were present in the islands of Lan 
gerhans in 24 instances (75 per cent.), while in 41 non-alcoholic sub- 
jects varving in age from a 7 months’ fetus to 68 vears the islands wer 
wholly free from fat or occasionally fat was to be made out in isolated 
islands in entirely negligible quantities. 

3. The islands of Langerhans may be completely devoid of fat in 
genuine diabetes mellitus. 

t. There would+also seem to be sufficient data to warrant the sugges 
tion that the occurrence of fat in excessive quantities in the islands of 
Langerhans is a factor in the production both of the intolerance for 
sugar manifested by alcoholic subjects and of the alimentary glycosuria 
<0 frequently to be observed in individuals of this type. 

In closing, I wish to thank Dr. Harrison S. Martland for the draw 
ing that accompanies this article. 


20. Strauss: Deutsch. med. Wehnschr., 1897, xviii, 275. 
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A METHOD FOR HEMOLYSIS AND AGGLUTINATION TESTS 


A. A. EPSTEIN, M.D., ano R. OTTENBERG, M.D. 
NEW YORK 

The established methods of testing for agglutination and hemolysis 
have been developed chiefly in animal experimentation, and their appli- 
cation to work with human blood is encumbered with certain hindrances. 
In all serum reactions there is great need for control tests. The quan- 
tity of blood which it is necessary to take from patients for these tests 
limits the work to a certain extent and, therefore, interferes with the 
drawing of definite conclusions. 

To overcome these obstacles we have developed a method whereby it 
is possible to perform a large number of tests with a very small amount 
of blood. In principle the method is identical with that now used by 
all investigators in this field. In details of technic it is an application 
of the method used by Wright in his work with opsonins. It has for its 
main object the reduction to a minimum of the amount of serum neces- 
sary for each test. 

To obtain the blood either of two methods may be used. The method 


in general use consists of aspiration from one of the veins at the bend 


of the elbow with a small syringe (10 to 15 cubic centimeters’ capacity 
The syringe must be washed out previously with normal salt solution 
and the usual aseptic precautions must be observed. One or two cubic 
centimeters of the blood are put in a tube containing an excess of salt- 
citrate solution (0.5 per cent. sodium citrate, 0.85 per cent. sodium 
chlorid). The red blood cells are subsequently centrifugated, washed 
and made up to any desired percentage suspension in normal saline 
solution. The remainder of the blood is placed in small slanted test- 
tubes and the serum allowed to separate by clotting. 

The alternative method is reserved for cases in which, for any reason, 
the taking of blood in the above manner is not allowed or is impossible 
(as in infants). Blood is obtained by pricking the lobe of the ear rather 
deeply with a Hagedorn needle. For the red cell suspension the drops 
of blood are taken up with a dropper and expelled into a tube of salt- 


citrate solution, centrifuged, washed and made up to the desired per- 
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Fig. 2 \pparatus \. empty capsule for collecting blood ; BB. capsule full, 
lower end sealed, ready for centrifuging; C. capsule centrifuged, serum separ tel 
D. empty pipette for making mixtures ki. pipette, with mixture of red cells and 


serum whieh has stood upright for several hours; eells have settled; Fl sam 


showing fairly marked hemolysis; G, same showing very strong hemolysis 
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centage. For the serum, capsules, six or seven centimeters long, mac 
of glass tubing about four millimeters in caliber, and drawn out into 


capillaries at both ends, are used. These capsules fill themselves with 
blood by capillary action (Fig. 1). When the tube is three-quarters full 
the unused free capillary end is sealed in a small flame. The blood is 
allowed to clot and the capsules ‘are centrifuged. After each capsule 1s 
nicked with a file it is broken open and the serum can be pip tted off. 
For making the mixtures smal] pipettes (four to five millimeters 
caliber). fitted with rubber nipples, are used (Fig. 2). The tips of 


these pipettes, drawn to a length of two or three inches, are marked at 


an arbitrary point with a blue pencil. The suspension of erythrocytes 
ic drawn up to the mark. By drawing this a little farther into the 
pipette on allows a small bubble of air to enter the tip, and then, In a 
similar manner, one or more volumes of the serum are drawn int ‘ 

same pipette. Thus definite proportions oF the ngredients can e a 
rately measured. By running the cell suspension and serum gent 


and down in the pipette they become thoroughly mixed. ‘T entire 


mixture is then drawn up into the body of the pipette and the t P 
seaied in a flame. [The pipettes may be Kept uprig t Db sti ng the 
into a tumbler of sand. These narrow jubes serve in everv detatl the 
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The importance that direct blood transfusion has recently assumed, 
and the necessity of testing for hemolysis as well as agglutination before 
each transfusion, should make this method one of clinical value. The 
ease and rapidity with which experiments can be made by this method 
make it of value in scientific work. The results obtained have been 


compared in parallel tests with those of the standard method and found 


to he ident ical. 
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PAPILLOMA OF THE CHORLOID PLEXUS WITH 
HYDROCEPHALUS 


REPORT OF A CASE 


S. R. SLAYMAKER, M.D., ano F. ELIAS, M.D 
CHICAGO 


There are a few reports of the careful examination of growths from 
the ependyma of the ventricles or the chorioid plexus, growths largely 
patterned after this vascular structure and variously interpreted as 
instances of hyperplasia, papilloma or carcinoma. It is a matter of 
some historical interest that Jacobson, in the seventh edition of Hilton's 


classical work, “Rest and Pain,” mentions a papillary tumor in th 
floor of the fourth ventricle with occlusion of that cavity and a conse- M 


quent enormous dilatation of the lateral ventricle appearing externally 
on the brain like a eyst. This observation and that of Douty' have been 
' omitted by several writers who have published otherwise fairly compre- 

hensive reviews of the literature bearing on these growths, accompany 
ing reports of additional cases. 

Douty described the occurrence, in a seventeen-year-old boy, of a 
tumor resembling a large purple mulberry, soft and fragile and attached 
to the roof of the fourth ventricle by two slender pedicles. It com 
pletely blocked the flow of cerebrospinal fluid and caused hydrocephalus, 
a sequence often observed in connection with these tumors. Other re 
ports by Bruch? and Guérard* have not been included in the bibliog 
raphies of several writers,* although their descriptions leave very little 
room for doubt that the growths examined were of this nature. Bruch 
first saw the growth which he considered as a_ papillary carcinoma 
(Zottengeschwulst) when the medulla was sectioned. It lay in the 
middle of the fourth ventricle and had closed the aqueduct of Sylvius 
{ and pressed the vermis upward. It possessed a villous exterior, was fra- 
gile and was likened by Bruch to a baked apple in appearance; the 
ventricles were enlarged. Guérard’s account concerned a tumor the size 
of a hen’s egg in the posterior horn of the right lateral ventricle, an 


1. Douty: Brain, 1885-1886, viii, 409. 

2. Bruch: Arch. f. physiol. Heil., 1885, xiv, 77. 

3. Guérard: Bull. Soc. anat. de Paris, 1850, viii, 211. 

4. Cimbal: Virchow’s Arch, f. path. Anat., 1901, elxvi, 289. 
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unexpected discovery in the examination of the body of a girl of three 
years who died of measles. Anteriorly it was continuous with the chori- 
vid plexus, and Guérard believed that it possessed the same structure as 
the plexus.® 
lebert® subsequently referred to this growth as an erectile tumor. 

The consideration given this form of brain tumor by Briichanow’ is 
the one most commonly referred to in the recent literature. Since that 
appeared, Saxer* has reviewed the literature, re-examined several of the 
previously described tumors and added new observations. 

Although these ependymal papillary neoplasms are perhaps not the 
rarest tumors which occur primarily in the brain, they are, nevertheless, 
comparatively uncommon, and, as is the case with so many of the rare 
forms of disease, the early history of the observation of these growths 
will probably always remain somewhat indefinite from the incomplete 
description or the lack of adequate histologic examination accompanying 
the older reports. Some idea of their rarity is afforded by the fact that 
Briichanow, in 1898, mentioned but five cases, details of which were pub- 
lished before the results of his examination of the growth subsequently 
studied by Saxer. 

In addition to the names mentioned, papilloma, carcinoma and 
hyperplasia of the chorioid plexus, these growths have also been consid- 
ered as examples of adenoma, adenocarcinoma and perithelioma; Vir- 
chow referred to them in connection with the psammomas, and Kauf- 
mann likened the one he examined to an intestinal polyp. In at least 
two instances these ependymal growths, or portions of them, have been 
removed by operation.® 

Most of the descriptions are of growths directly continuous with the 
chorioid plexus, which they so closely simulate in structure, but they 
may also originate from the ependyma lining the ventricles. The 
growths deseribed by Cornil and Ranvier,’® Ziegler"! and Selke™ grew 


5. “Sa structure la fait supposer formée par le developpement des vaissaux 
des plexus choroides qu’ on ne peut suivre dans les parois de la masse.” p. 214. 

(i. Lebert: Virehow’s Arch. f. path, Anat., 1851, iii, 478. 

7. Briichanow: Prag. med. Wehnschr., 1898, xxiii, 585. 

8. Saxaer: Beitr, z. path. Anat. u. z. allg. Path. (Ziegler’s), 1902, xxxii, 315. 

%. Bielschowsky and Unger: Arch. f. klin. Chir., 1906, Ixxxi, 61. Atlee and 
Mills (Examination by Spiller): Brain tumor with Jacksonian spasm and uni- 
lateral paralysis of the vocal cord and late hemiparesis and astereognosis. Jour. 
Am. Med, Assn., 1907, xlix, 2128. 


10. Cornil and Ranvier: Manuel d’histologie pathologique, 1881, i, 703. 
11. Ziegler: Lehrbuch der allgemeine und specielle pathologische Anatomie, 
1898, ii, 376, 377. 


12. Selke: Ueber ein epitheliales Papillom des Gehirns. Inaug. Diss. 1901, 
Kénigsberg. Abstr. in Jahresb. ii. d. Leist. d. ges. Med. 


Fig. 1.—Dilatation of left lateral ventricle, 
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into the lateral ventricles from the third ventricle, but most of them 
have been found in the fourth ventricle, where they have grown outward 
or backward, compressing the cerebellum, and produced more or less 
hydrocephalus by blocking the flow of the cerebrospinal fluid. 

The reports of greatest interest from the standpoint of the name 
these tumors should have and the accompanying conception as to their 
relative benignancy or malignancy are the accounts of Spit** and Biel- 
schowsky and Unger® of small secondary tumors disseminated by the 
cerebrospinal! fluid and located on the outside of the brain, imbedded 
in the cortex and in some instances attached to the pia by slender vessel- 
bearing strands of tissue. Spit found three such secondary tumors: 
Bielschowsky and Unger fourteen. The primary tumors do not grow 
into the adjacent brain tissue, but distend the cavities in which they 
originate. In these characteristics, growth on the surface and dissemi- 
nation by the cerebrospinal fluid, these villous papillary tumors resemble 
the papillary carcinoma of the bladder and the surface papillary cai 
cinomas of the ovary, the latter of which often are responsible for wide 
spread so-called peritoneal “carcinosis” by a process of implantat on 

On account of the occlusion of the fourth ventricle hydrocephalus 
has been, as previously stated, observed with most of these growths. 
Vigouroux"* describes the amelioration of symptoms following the escape 
through the nose, which began three years before death, of cerebrospinal 
fluid from the distended ventricles, as much as 800 e.c. being discharged 
in twenty-four hours. In the head of the two and one-half-year-old 
child containing the ,ependymal growth reported by Briichanow, the 
entire palm was requifed to cover the anterior fontanelle; the coronary, 
frontal and lambdoid sutures were each 2 cm. wide, the sagittal 8 em. 
In connection with the tumor we have to describe, the hydrocephalus 
was not as marked. 


History.—The patient, a boy of 11 years, was seen at intervals since he was 
1] year old, being the child of parents who employed one of us (S. R. S.) when 
ever medical attendance was required. When 11, years old he suffered from a 
mucous colitis for two months and when 7 he fell from a tree and fractured the 
left femur. At his birth the labor was normal, and the medical history of the 
family contains nothing pertinent to the disease causing his death. The fracture 
mentioned united without noteworthy events but the child remained weak, did 
not play as actively as the other children, and his weight did not increase pro 
portionately to his growth. When the boy was examined some time subsequent to 
the fall, on account of the continued impaired health, the enlarged tonsils and 
indications of adenoids, the only changes found, did not seem sufficient to ae- 
count for the general weakness and poor health. Following the removal of the 


13. Spiit: \erztl. Intelligenzbl., 1883, xxx, 305. 
14. Vigouroux: Rev. neurol., 1908, xxvi, 281. 
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tonsils at the age of nine years there was a temporary improvement and subse 
quently, under the administration of tonics, cod-liver oil and iron, there were 
periods of better health followed by relapses, marked by weakness and inactivity. 
Shortly after the removal of the tonsils a peculiarity of gait was noticed; it was 
<waying, without any disposition to fall to one side more than the other, unsteady 
and accompanied by a grasping at surrounding objects for support. No vertigo 
was complained of at this or any subsequent time; nor was there during the 
entire illness any headache, rigidity of the neck, vomiting, nystagmus, optic 
neuritis, disturbance of vision or other ocular symptoms; in fact the absence of 
such symptoms when it became apparent that the boy’s difficulty in walking was 
due to some lesion of the nervous system, remained puzzling to the last. 

Repeated examinations for disturbances of sensation were made, without result ; 
the reflexes and functions of the various sphincters remained normal. An inten 
tion tremor in both hands and feet was the next important symptom noticed fol 
lowing the disturbance in walking. It resembled somewhat that observed in 
multiple sclerosis, differing, however, in not being increased as the desired result 
was attained. This tremor was in reality an ataxia and symmetrically bilateral ; 
it was not increased when the eyes were closed, and on this symptom mainly the 
diagnosis of cerebellar disease was made two years before death and two years 
after the beginning of the failure of health. The ataxia increased, the voluntary 
muscles atrophied, but the patient was able to walk with assistance until two 
months before death. 

Just when the head began to enlarge it is impossible to state, but the en 
largement was first noticed three months before death, and at this time, when the 
attention of the parents was called to this development, they had not remarked 
it. The patient remained mentally clear until a few weeks before death. Death 
was extremely gradual, due, it seemed, to inanition, weakness and the failure to 
take nourishment of any kind; there was no difficulty in swallowing attributable 
to paralysis of the muscles « neerned; for two weeks before death it was apparent 
that the end might come at any moment. 

Pathologic Report“—A complete postmortem examination was not allowed, 
but the cranium was opened and the brain removed and examined after harden- 
ing in 10 per cent. formalin in the usual manner. The body was greatly emaci- 
ated, the skin pale; posterior lividity marked and rigor mortis absent, the ex- 
amination being sixteen hours postmortem and after embalming with axillary 
vessel injections on both sides. The pupils were equal and dilated; the head 
large, measuring 60 em. in its greatest horizontal circumference. On removal of 
the scalp the skull measured 59 em. in circumference at the same place. The 
bones of the calvarium were movable, the sutures not closed by bony union, the 
bones generally thin, measuring 2 mm. at the thinnest places. The dura was 
tense and the inner surface of the calvarium was marked in many places by de 
pressions corresponding to the cerebral gy ri. The meninges were very edematous 
and in the region of the chiasma the thuid had been coagulated by the admixture 
with embalming fluid. The brain was soft and fluctuated. It weighed directly 
after removal 1880 om. and one hour after removal 280 gm. of fluid had escaped 
from it. The brain was enlarged, measuring 19 em. in length and 16 em. trans 
versely; it was pale, the convolutions slightly flattened, the sulci tightly closed ; 
the vessels at the base appeared normal. 

On the under surface a pinkish growth covered with thin transparent pla 
loosely adherent to it projected between the cerebellum and medulla, the area of 
the growth so exposed being circular and 2 em. in diameter. Sectioning the brain 
after hardening revealed greatly dilated ventricles, especially the posterior horns 


15. From the Pathological Laboratory of Rush Medical College. 
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of the lateral ventricles. Each lateral ventricle, it was found, would contain 96 
cc, of water. The foramen of Monro was greatly dilated (Fig. 1) also the third 
ventricle. Sections of the cerebellum exposed the tumor, the periphery of which 
projected below as described between the medulla and cerebellum, a tumor meas 
uring 4.2 em. anteroposteriorly, 4 em. transversely, and 5.2 em. from above down 
ward, and replacing practically all of the white substance of the cerebellum as 
well as the dentate nuclei, the enveloping shell of the cerebellar cortex being 


2). This tumor completely filled the fourth 


reduced to 5 em. in places (Fig. 
ventricle and the foramina of Magendie, Keys and Retzius The aqueduct «t 
Sylvius was the size of a goose-quill. The tumor was directly continuous with th 
chorioid plexus, which appeared to be larger than normal. Sections of the pons 
and medulla revealed no gross alterations. Sections prepared for microscopic ex 
amination from different portions of a thin slice cut out of the growth wher 
its diameters were greatest were all found to possess a structure, varying in no 
important details. 

“There are slender stalk-shaped, villous, branching and greatly tangled frame 
works of connective tissue covered with columnar epithelium arranged for the 
most part as a single layer (Fig. 3). This framework in most places consists oi 
little more than a vessel surrounded by a basement membrane for the epithelium. 
The difficulties in the circulation necessarily attending such a structure have re 
sulted, judging by the specimens examined, in surprisingly few alterations, e. ¢., 
there is no necrosis; there is, however, considerable edema in many of the 
branches of this vascular cauliflower-like growth, for in many the vessel is no 
longer apparent and the space between basement membranes is occupied by 
granular non-staining material. There is much more of this coagulated serum 
containing loosened cells between the separate divisions, also a great number of 
round masses varying in size from that of large lymphocytes to the size of a 
renal glomerulus, which have a laminated structure and stain intensely with 
hematoxylin. For the most part these objects lie in the free spaces between the 
epithelial-covered subdivisions of the growth. Their relation is therefore quite 
analogous to that which would be possessed by shot of various sizes, buck-shot 
and bird-shot, for example, to a sponge if they were poured into its meshes. It 
is also evident that the various subdivisions are not all evlindrical, i. e., branch 
ing columns, but that in many places the single divisions are in reality sheet-like, 
and comparable in arrangement to an intricate infolding of a membrane. The 
nuclei of the epithelial cells are small and stain intensely, and at numerous points 
the projecting columnar-shaped eosin-staining cytoplasm is two or three times 
the diameter of the nuclei in extent. The presence of minute granules staining 
with hematoxylin, in some instances located within the cells and of somewhat 
irregular and stellate masses also staining with hematoxylin, suggest an origin 
for the =pherical bodies deseribed in a process of secretion or degeneration of the 
epithelial cells.” 


The nature of the tumor—its exceptional size, for usually tumors 


of this variety are smaller—the hydrocephalus it produced and the 
absence of symptoms generally produced by brain tumors, constitute the 
most interesting features of this report. Stewart and Holmes,’® in 
summarizing the symptoms in 40 cases of cerebellar tumor, refer to 
headache, vertigo, nystagmus and optie neuritis as being fairly constant 


phenomena. That exceptions are occasionally met with is not altogether 


16. Stewart and Holmes: Brain, 1904. xxvii, 522. 
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surprising. Jacobi? observed an absence of optic neuritis and ataxia 
in connection with a cyst of the cerebellum, although headache, vomit- 
ing and vertigo were present; Anglade’* has described general convul- 
sions, which were the only symptoms caused by a cerebellar tumor, and 
Babinski'® found a correspondingly restricted syndrome limited to 
hemiasynergie and hemitremor. The gradual manner in which death 
took place in the boy afflicted with the papillary tumor we have de- 
scribed is also an exception to the sudden death which is frequently a 
result not only of tumors in the fourth ventricle, but also from the 
development of tuberculous and syphilitic lesions in the adjacent struc- 
tures or the localization and growth in the region of parasitic cysts.*° 
In conclusion it might be pointed out that these proliferations of 

ependyma, especially those connected with the chorioid plexus, repre- 
sent a reversion to an embryonic condition and, therefore, toward ma- 
lignant tumors and are in marked contrast to the ependymal gliomas 
in which the same cells are differentiated in the production of neu- 
roglia.® 

100 State Street. 

17. Jacobi Jour, Nerv. and Ment. Dis., 1906, xxxiii, 385. 

18. Anglade: Rev. neurol., 1901, xx, 784. 

19. Babinski: Rev. neurol., 1901, xx, 260. 

20. See the recent articles by Stern (Deutsch. Ztschr. f. Nervenh., 1908, xxxiv, 
195) and Bassoe (Multiple ependymal glioma, THe Arcnuives INT. MEp., 1908, 
ii, 194). 


THE INCIDENCE OF GLYCOSURIA AND DIABETES IN NEW 
YORK CITY BETWEEN 1902 AND 1907 
WITH A REPORT OF TWO CASES OF ESSENTIAL PENTOSURIA * 


THEODORE B. BARRINGER, Jr., M.D. 
NEW YORK 


There are no statistics that I have been able to find concerning the 
frequency of glycosuria, and the incidence of its not unusual sequel, 
diabetes, is calculated chiefly from mortality figures and hospital records. 
The results so obtained vary greatly. Naunyn says, in his book on dia- 
betes, that almost any figures desired can be selected from various esti- 
mates, and that only out of courtesy to the authors does he quote any 
of them. Osler states, in his “Practice of Medicine,” that among 99,000 
patients admitted to the medical wards and medical dispensary of the 
Johns Hopkins Hospital, there were 226 cases of diabetes, or 228 
per 100,000 of medical admissions. The last report of mortality sta- 
tistics by the United States Census Bureau shows, between 1901 and 
1905, a yearly average of 11.6 deaths from diabetes per 100.000 of pop- 
ulation. These figures show how difficult it is to get any idea as to the 
actual frequency of diabetes, for many diabetics never enter a hospital 
ward and many die from other diseases. 

The records of one of New York’s large insurance companies were 
very courteously placed at my disposal by the medical director, and from 
them I have been able to secure reliable information on these points. 

There were 71,729 adults examined medically by this company in 
New York City between 1902 and 1907. They belonged, naturally, to 
the better social class, which shows, as is generally recognized, a greater 
incidence of diabetes than does the poorer class of people. Probably 95 


per cent. or more of them were men between the ages of 18 and 60, 


and, of course, they were practically all on a mixed diet (one containing 
carbohydrates). 

The men who showed glucose on one or more examinations numbered 
2,043, or 2,840 per 100,000. Of these men 681 showed between 1 and 
12 per cent., and 1,362 less than 1 per cent. of sugar. In al! these cases 
the presence of glucose was confirmed by an experienced chemist. If 

“Read before the Section on Medicine of the New York Academy of Medicine, 
April 20, 1909. 
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we consider the presence of 1 or more per cent. of sugar in an office 
specimen of urine, a criterion of the existence of diabetes, the incidence 
of diabetes per 100,000 of population would be 950. This criterion of 
diabetes is rather an arbitrary one, but I feel it is justified for the fol- 
lowing reasons: 

The diagnosis of diabetes at an early stage is a difficult matter, for 
verv little is known about the beginning of this disease. The diagnosis 
of a fully-developed case with the marked glycosuria, polyuria, loss of 
weight. ete., is, of course, easy, but very few of those included in our 
large group of glycosuric cases were of such a type. We know that 
diabetics react to small quantities of carbohydrates in their food with 
a decided glycosuria. Any patient reacting to such a diet with a gly- 
cosuria as marked as 1 per cent. is, therefore, under strong suspicion, 
and is probably diabetic. A reaction of only a trace of sugar would 
leave us in doubt. In a previous paper,’ however, Roper and I have 
shown that of a group of 20 patients with slight glycosuria (less than 
1 per cent.) 9 had developed diabetes at the end of five years. 

Admitting that the glucose percentage criterion of the existence of 
diabetes may have led us to include cases not diabetic among the 681 
quoted above (which showed 1 per cent. or more of sugar), we have as 
yet left entirely out of consideration the 1,362 cases of slight glycosuria, 
many of which are or may become diabetic. Their inclusion would 
raise the incidence so markedly that our previous error would be neg- 
ligible. 

Just what proportion of cases of slight glycosuria become diabetic 
is difficult to estimate. Our former paper showed in a small series 45 
per cent., which is perhaps too low, as but five vears had elapsed since 
the initial glycosurias of these cases. If we figured that 50 per cent. of 
such cases became ultimately diabetic, our final figures for the incidence 
of diabetes in New York City would be 1.895 cases per 100,000 of pop- 
ulation. 

These figures contrast most surprisingly with all previous estimates, 
and oblige us to consider this disease as certainly not “rare” or 
“uncommon.” 

The lack of definite knowledge concerning the beginning of diabetes 
has led to a very general idea that a transitory glycosuria is in most 
eases the warning signal of later diabetic disease.* In our previous 


1. Barringer and Roper: The prognosis of spontaneous glycosuria, ete. Am. 
Jour, Med. Se., 1907, exxxiii, 842. 

2. Von Noorden: Disorders of metabolism and nutrition. Diabetes. Enelish 
transl., 1905, p. 127. 
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paper we showed that but 45 per cent. of a group of 20 such cases 
of slight transitory glycosuria had become diabetic at the end of five 
years. We assumed, therefore, that there were two types of transitory 
glycosuria: (1) a type essentially diabetic from the outset, in. which 
sugar recurs, which shows constantly glycosuria e saccharo, and in which 
the patients at the end of five or more years become diabetic; (2) a 
type. quite harmless, in which sugar does not recur after the first few 
months, which does not show glycosuria e saccharo, except perhaps 
during the first few months, and in which the patients do not develop 
diabetes. This idea was quite at variance with existing views. 

Our present figures show that there is a much greater incidence of 
slight glycosuria (1,890 cases per 100,000) than of marked glycosuria, 
(950 cases per 100,000), and confirm the above assumption in regard to 
tvpes of transitory glycosuria. 

Concerning the onset of diabetes: In our former paper the histories 


of 9 patients, who formed the diabetic group of glycosuria, showed a 


gradual change from a slight transitory glycosuria to a persistent gly- 
cosuria in five years’ time, and suggested naturally that this was the 
usual mode of development of diabetes. In our present statistics th 
high incidence of slight glycosuria, about double that of marked glvy- 
cosuria, leads us to believe that the great majority of diabetic cases begin 
in this way. 

This insidious onset would correspond pathologically to a gradual 
destruction of the islands of Langerhans by a slowly advancing inter- 


acinar pancreatitis, which Cecil® has shown accompanies 73 per cent. of 
all cases of diabetes. 

There were sixteen men among the 71,729 examined in whose urine 
the insurance company found pentose. I subsequently visited eleven of 
these and secured twenty-four-hour specimens of urine. Nine speci 
mens were negative, the subjects evidently having been originally af 
fected with alimentary pentosuria. The insurance company’s examina- 
tions had been made chiefly during the summer months, and had always 
shown an absence of pentose on the succeeding day, when a second ana)- 
ysis had been done. The greater consumption during the summer 
months of fruit, which contains pentosans, explains the origin of these 
cases. 
Two of the men showed pentosuria on repeated examinations. 

The first was a dentist, 37 years old, in excellent health. He showed 


generally, in the twenty-four-hour urine, about 0.5 per cent. of a re- 
3. A study of the pathological anatomy of the pancreas in 90 cases of diabetes 
mellitus, Jour. Exper. Med.. April, 1909. 
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ducing substance (estimated as dextrose) which was identified as a pen- 
tose by means of Bial’s test, the spectroscopic reaction, and the melting 
point of the ozason, between 150 and 155 degrees C. 

The second man, a clerk, 17 years old, in good health, showed con- 
stantly about 0.5 per cent. of a pentose. I was unable to carry out any 
metabolism experiments on these subjects or to investigate the members 
of their families. 

SUMMARY 

1. The incidence of diabetes in New York City reaches the surpris- 
ing figure of 1,895 cases per 100,000 of population. 

2. A large proportion of cases of transient glycosuria are harmless 
and do not develop into cases of diabetes. 

3. Diabetes generally begins as a slight, intermittently appearing 
glycosuria which gradually becomes more frequent and more marked, 
until finally it is constantly present. 

I am much indebted to Dr. J. C. Roper for the urine analysis of 


these pentose cases. 
34 West Eighty-fourth Street. 


THE MORO AND VON PIRQUET TUBERCULIN REACTIONS 
IN ONE HUNDRED AND SEVENTY-ONE CASES * 


HENRY 8S. PATTERSON, M.D. 
NEW YORK 
In February, 1908, Moro’ reported a series of 68 cases in which he had 
used a tuberculin inunction as a means of demonstrating hypersensitive- 
ness to that substance. The salve employed was composed of equal vol- 
umes of old tuberculin and anhydrous lanolin. In manifest tuberculosis, 
the salve reaction and the von Pirquet reaction were positive in 12 cases 
and negative in 4; in glandular tuberculosis, positive in 6 and negative 


in 1, while in cases of suspected tuberculosis they were positive in 12 and 


negative in 8. In 25 cases in which no suspicion of tuberculosis existed, 
the salve reaction of Moro was positive in 3 cases only, while the von 
Pirquet was positive 8 times. In addition to these 68 cases, 21 tubercu- 
losis-free children reacted negatively and 4 children with manifest dis- 
case positively to the salve. In 30 cases, control inunctions with resorbin 
and adeps lane gave results which were entirely negative with the excep- 
tion of one. He estimates the positive outcome of his reaction in chil- 
dren free from tuberculosis at 12 per cent. and that of the von Pirquet 
at 32 per cent. 

In view of these results, it seemed advisable to give the tuberculin 
salve a thorough trial, and consequently it has been used in a series of 
171 persons of all ages, including non-suspicious individuals and patients 
suffering from the various forms of tuberculous disease in their different 
stages. Von Pirquet tests were made at the same time. 

The tuberculin used was old tuberculin, kindly furnished by the 
Department of Health. Moro mentions the salve as being 50 per cent., 
but, as Heinemann* has pointed out, it is probably neara 60 per cent. 
The salve remains efficient for a long time if kept on ice, and we have 
found that it retained its activity at the end of several months. 

The salve is rubbed into the abdomen, chest or any location that is 
free from eruptions, over an area about 5 cm. in diameter, for one or two 


*From the Department of Applied Therapeutics, Vanderbilt Clinic, Medical 
Department of Columbia University (College of Physicians and Surgeons) ; read 
at the annual meeting of the Alumni Association of the College ef Physicians 
and Surgeons, Jan. 25, 1909. 

1. Moro: Miinchen. med. Wehnschr., 1908, lv, 216. 

2. Heinemann: Miinchen. med. Wehnschr., 1908, lv, 556. 
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minutes. It is advisable to clean the site of inunction with alcohol, for 
ina number of cases in which the tests were done in two places on the 
same individual, the result was more marked where the skin had been 
previously treated in this way. No protecting dressing is necessary: an 
amount of salve equal to the size of a buckshot is all that is needed. It is 
advisable to make a ring around the inuncted area, for two reasons: 
first, in order to differentiate the reactive papules from sudamina which 
may be present or may appear in summer; second, as Moro* has recently 
pointed out, the papules may not confine their occurrence to the area over 
which the salve was applied, but may appear around it as well. This 
particular peculiarity of the reaction has been noted in these cases at 
least a dozen times. 

The reaction may appear in twenty-four hours, and if it does not 
develop in forty-eight hours it will probably remain entirely negative. 
Emmerich* has reported one case in which it did not appear until the 
sixth day. One of the last patients in this series (Hudson Street Hos- 
pital, Medical No. 2854) came to the hospital spitting blood. It was 
impossible to determine whether the hemorrhage came from the stomach 
or lungs. Tests were applied December 10, and the following day a very 
mtense von Pirquet reaction was noted. On the eleventh day, after the 
reactions had been forgotten, the patient complained of itching at the 
site of the inunction, and a very intense macular erythema was observed 
Over a corresponding position on the opposite side of the body were a 
moderate number of scattered papules, similar to those found in the 
ordinary reactions. There were no lesions elsewhere on the skin and 
there was no other factor that could have produced an eruption. 

Mild reactions appear as papules, acneform in appearance, sometimes 
white, usually red. In one of these cases the papules were surrounded 
by a definite red areola. They may vary in number from four or five to 
fifty. A few are occasionally pustular. 
many miliary papules, which were extremely difficult to see and easily 
Occasionally the lesions 


In one mild reaction there were 


escaped detection except in the strongest light. 
are erythematous macules. 

Reactions of medium intensity show many more papules, apparently 
smaller in size the more numerous they become. At times the small 
papules become vesicular, a few being confluent, the majority discrete. 

In intense reactions, the surface treated is covered with innumerable 
papules; many of these are vesicular, confluent or discrete. Frequent!s 
» few of the papules are confluent, and occasionally the majority become 


3. Moro: 
4. Emmerich: 


Miinchen. med. Wehnschr., 1908, lv, 2025. 


Miinchen. med. Wehnschr., 1908, Iv, 1066. 
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fused. The papules are situated on an erythematous base, which may 
occupy the whole surface treated or be distributed irregularly over that 
area. 

Itching has been described by Moro and occurred in about 20 per 
cent. of our cases. 

Moro’ * has recently drawn attention to the appearance of the reac 
tion on the opposite side of the body corresponding to the site of the 
inunction. This has been observed twice in this series, in an early case, 
and in the case previously alluded to, in which the reaction was delayed 
eleven days. Moro also made a number of experiments in which he 
rubbed the tuberculin salve on one side of the body and lanolin into the 
corresponding part on the other side, with the result that both areas re- 
acted. He believes that this phenomenon is to be accounted for by the 


tuberculin’s reaching those parts of the cord which preside over the areas 
of skin affected by the inunction, and that the reaction is largely vaso | 
motor. One is foreed to consider the similarity of this explanation to 
that generally accepted for zoster, and, indeed, in many instances th: | 
appearance of the two conditions is identical. | 
€ As a rule, the von Pirquet reaction is fully developed several hours 
hefore the Moro, but in one of the cases the Moro developed in twenty- 
four hours, while the von Pirquet did not appear until the seventh day. 
In 171 cases the Moro reaction was positive 94 times, the von Pirquet 
122 times. 
NON-TUBERCULOUS GROUP (THIRTY CASES) 

“il In only one case of this group was the Moro reaction positive. The 
patient was suffering from early tabes dorsalis, and the reactions were 
tried, in an attempt to verify the observation of Fehsenfeld,® Heine 
mann,? and others before them, that tuberculin hypersensitiveness is in 
some way connected with the state of the nervous system, and that pa- 
tients who are the subjects of nerve lesions often present the reactions, 
although they offer no evidence of past or present tuberculosis. Our 
results show that 314 per cent. of the non-tuberculous give a positive 
Moro reaction and 2314 per cent. a positive von Pirquet reaction. The 
number of cases is, of course, too small to establish the relative sensitive- 
ness of the two tests on the part of the non-tuberculous, but it is inter- 
esting to note that the 20 per cent. in favor of the von Pirquet reaction 
corresponds to the figures furnished by Moro. Of the 399 non-suspicious 
cases from all sources herein considered, 27.5 per cent. gave a positive 
Moro test. It is probable that subsequent study would have proved a 
number of them tuberculous. 


5. Fehsenfeld: Miinchen. med. Wehnschr., 1908, Iv, 1373. 
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TABULATED SUMMARY OF RESULTS IN ONE HUNDRED AND SEVENTY-ONE CASES 


Posi- Nega- 


Classification of Cases Test tive tive 

Tuberculosis not present. . Moro 1 29 
von Pirquet 7 23 

Suspected pulmonary tuberculosis Moro l4 14 
von Pirquet 24 4 

Arrested pulmonary tuberculosis . Moro 5 2 
von Pirquet 5 2 

Early and slight pulmonary tuberculosis Moro 40 il 
von Pirquet 45 6 

Advanced pulmonary tuberculosi- Moro 14 7 
von Pirquet 17 4 

Lymph node tuberculosis Moro 7 0 
von Pirquet 7 0 

Suspected but non-tuberculous lymph nodes Moro 0 2 
von Pirquet 0 2 

Testicular tuberculosis Moro 2 1 
von Pirquet 2 1 

tone tuberculosis ‘ . Moro 16 3 
von Pirquet 15 4 

Pulmonary tuberculosis with fever. Moro 0 3 
von Pirquet 3 0 


GROUP OF SUSPECTED PULMONARY TUBERCULOSIS (TWENTY-EIGHT CASES) 

The suspicion of tuberculosis in some of these cases was based on a 
history with or without signs and in others on physical signs alone. In 
14 cases the Moro reaction was positive and in 24 the von Pirquet. Al- 
though we have not been able to follow out all the cases, we have acquired 
the impression that a suspicion of tuberculosis is greatly strengthened 
by the positive outcome of these tests, particularly of the Moro. A care- 
ful study of suspected cases in which the patients have reacted to the 
inunction will often reveal evidence on which a positive diagnosis can be 
based. For example, in one case of suspected pulmonary disease, the 
patient subsequently developed hemoptysis, rales at one apex and a sharp 


fibrinous pleurisy. 


GROUP OF ARRESTED PULMONARY TUBERCULOSIS (SEVEN CASES) 

In 7 arrested cases there were 5 positive results to each test. One 
patient showed a positive Moro and a negative von Pirquet, while an- 
other presented the reactions reversed. 

GROUP OF EARLY AND SLIGHT PULMONARY TUBERCULOSIS (FIFTY-ONE 
CASES ) 


In 51 cases the Moro reaction was positive in 40, the von Pirquez 


in 45. 
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GROUP OF ADVANCED PULMONARY TUBERCULOSIS (TWENTY-ONE CASES) 

Out of 21 cases the Moro was positive in 14 and the von Pirquet in 
17. The general belief seems to be that in advanced tuberculosis the 
various reactions to tuberculin are more frequently negative than in the 
earlier stages of the disease. In our cases the Moro reaction was positive 
in advanced pulmonary tuberculosis in 6624 per cent., about 12 per cent. 
less frequently than in early tuberculosis (78 per cent.). 

It must be taken into account, however, that the number of advanced 
cases was less than half the number of the early. If a similar number 
of advanced and early cases had been examined it is not unlikely that 
the percentage of positive reactions in the former would have been 
smaller. 

GROUP OF LYMPH NODE TUBERCULOSIS (SEVEN CASES) 

Seven cases were available for examination. In 2 other cases in 
which lymphatic tuberculosis was suspected the reactions were negative 
In one patient it subsequently transpired that the adenitis was due to a 
carious tooth; in the other, to pediculosis capitis. In both instances the 
glandular swelling disappeared after appropriate treatment. In one case 
glands of the neck which were clearly tuberculous slowly diminished in 
size after the reactions occurred, and tests applied two months after the 
first gave very much less marked reactions. These facts are cited, not 
as evidence of the therapeutic value of tuberculin salve, but simply for 
what they are worth. In this connection Moro’s observation, that a case 
of lupus improved greatly under treatment with tuberculin salve, is in- 
teresting. 

GROUP OF TESTICULAR TUBERCULOSIS (THREE CASES) 

In 3 cases, 2 patients were positive to both tests. Of the positive 
cases, 1 was clearly tuberculosis, the other, on section after operation, 
proved to be sarcoma. The third case was probably one of sarcoma. 


GROUP OF BONE TUBERCULOSIS (NINETEEN CASES ) 


In 19 cases, the Moro reaction was positive 16 times, the von Pirquet 
15. In one patient with advanced caries of the spine and tubercle bacilli 
in the sputum, there was not the slightest evidence of a reaction of an) 
kind. 

GROUP OF CASES WITIT FEVER (THREE) 

An opportunity was offered at the Hudson Street Hospital to apply 
the reactions in three cases characterized by continuous fever. In an 
early case, the patient was thought, on admission, to be suffering from 
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typhoid fever. A few rales were subsequently found at one apex an:| 
tubercle bacilli demonstrated in the sputum on more than one occasion. 
The second case was clinically a subacute miliary tuberculosis in an alco- 
holic, with fatal termination. There never was any sputum obtainable 
and an autopsy was not granted, but the development of the physical 
signs and the clinical picture were so similar to those of the frequent 
proved cases observed at the hospital that there can be little doubt of the 
diagnosis. The patient had an alcoholic neuritis with paralysis of the 
diaphragm which proved an absolute hindrance to the expulsion of spu- 
tum. The third case was one of pneumonic phthisis; after several ex- 
aminations tubercle bacilli were repeatedly demonstrated. In all these 
cases the Moro reaction was negative, the von Pirquet positive. 


CASES WITH PREVIOUS CONJUNCTIVAL TESTS 

In 9 of the cases, a conjunctival test had been made, at least two 
months before the skin reaction in every instance. In two advanced 
cases negative conjunctival results, but good skin reactions were ob- 
tained. Seven of the patients had given positive eye results. Three of 
these cases were advanced, and all the patients gave positive von Pirquet 
reactions, but only 2 were positive to the Moro. Three were early cases, 
2 of the patients reacting to both tests and 1 reacting to neither. The 
seventh patient about whom a suspicion of tuberculosis was entertained 


was negative to both skin reactions. 


MORO REACTION ALONE POSITIVE 


The Moro reaction occurred alone in only 4 cases, in an early pulmo- 
nary, in a suspected pulmonary, in an arrested pulmonary and in a bone 
case. 

RESULTS OF OTHER OBSERVERS 

Heinemann,? in using Moro’s salve, tested 66 patients who three 
weeks previously had been subjected to the conjunctival reaction. Forty- 
three of these patients gave positive salve reactions, while but 34 had 
reacted to the eve test. He Says that at first sight one would believe the 
Moro more sensitive than the Calmette, but he thinks the previous eve 
reactions were to some extent responsible for the hypersensitiveness to 
the salve. 

In 108 cases, Heinemann got 41 positive reactions. In 66 cases he 
made control experiments with 10 per cent. chrysarobin ointment. In 6 
patients, 3 positive and 3 negative to the Moro test, he observed a derma- 


titis at the site of the control inunction, which, however, ran its course 
under an entirely different picture. Heinemann says that in non-sus- 
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pects the conjunctival reaction is positive in 16 per cent., the Moro in 1; 
per cent. of the cases. It is interesting to note that of his 12 non-sus- 
pects to react, 7 were patients with chronic nervous diseases. He regards 
the salve as possessing a practical advantage over the conjunctival re- 
agent. 

The work of Fehsenfeld,’ who has reported 3 cases in which the pa- 
tients gave positive ocular reactions during life and showed no evidence 
of tuberculosis on autopsy, is valuable in proving hypersensitiveness to 
tuberculin without tuberculosis. One of these patients had mvyelitis. 

In a series of 241 adult cases, Emmerich* used the Moro reaction. In 
121 of these, the von Pirquet reaction was also used. In manifest tuber- 
culosis of all stages, the Moro reaction was positive in 15 out of 31 cases, 
the von Pirquet in 19. In 30 suspicious cases the Moro was positive in 
25, the von Pirquet in 29. In 60 non-suspicious cases the salve reaction 
was positive in 19, the von Pirquet in 44 cases. In a series of 120 cases, 
in which the salve was the only tuberculin test used, the reaction wa 
positive in 9 out of 15 tuberculous cases; it was positive in 15 out of 21 
suspicious cases and in 28 out of 84 non-suspicious cases. Tle concludes 

1. The inunction reaction gives fewer positive results than the von Pirquet 
in patients clinically free of tuberculosis. 


2. It is easier to carry out than the cutaneous reaction and is absolutely 


harmless. 
3. In progressive tuberculosis it “misses fire” earlier than the von Pirquet. 


4. Since latent foci react to it, it is to be regarded of diagnostic importance 
only in a limited degree. 

Webb® has reported 155 Moro reactions, with positive results in 69 
cases. In 85 apparently normal persons, 19 reactions were positive: 11 
of these patients were subsequently found to be tuberculous by othe: 
diagnostic methods. Two of those who did not react were afterward 
proved tuberculous. In 15 well-marked cases, 7 gave negative, 8 positive 
results. In 39 suspected cases, 31 were positive. In 12 clinically early 
cases, only 1 was negative. In 5 suspected cases, the conjunctival tesi 
was made simultaneously. In 3 positive Moro tests the conjunctival r 
action was positive, in 2 negative. In 1 case the conjunctival was posi 
tive, the Moro negative. He believes in skin reactions, especially the 
Moro, but very properly insists on the importance of their careful inter 
pretation. Hamill, Carpenter and Cope.” in an important contribution. 
analyze their results in 158 conjunctival reactions, 159 von Pirquet reac 


6. Webb (Gerald B.): The integumental tuberculin reactions, with report of 
155 Moro inunction reactions. Jour. Am. Med. Assn., 1908, li, 1271. 

7. Hamill (S. MecC.), Carpenter (H. C.) and Cope (T. A.): A comparison 
of the von Pirquet, Calmette and Moro tuberculin tests and their diagnostic 
value. THe Arcnives INT. MeEp., 1908, ii, 405. 
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tions and 154 Moro reactions. The subcutaneous test was used in 85 of 
these cases, “in confirmation of the others.” Children in the St. Vin- 
cent’s Home, Philadelphia, were examined, and a smaller group outside 
that institution. Taken together there were 110 clinically non-tubercu- 


lous, of which 58.2 per cent. reacted to some of the various reactions, 50 
per cent. to the Moro reactions, and 49 per cent. to the von Pirquet. Of 
28 suspected cases, 82.1 per cent. reacted to the various tests, 78.5 per 
cent. to the Moro, 82.1 per cent. to the von Pirquet. Of 22 tuberculous 
cases, 95.4 per cent. reacted to the various tests. In only 18 of these 


cases was the Moro done, and it was positive in 77.7 per cent., while in 
19 cases the von Pirquet was positive in 84.2 per cent. The paper is very 
exhaustive and presents excellent illustrations in color cf the eve and skin 
reactions. The results in this work of the Moro and von Pirquet reac- 
tions are nearly alike, but it must be remembered that Hamil]! and his 
collaborators were working with children, while the other reports men- 


tioned dealt with adults or adults and children. 


INTERPRETATION 

The important thing to bear in mind concerning the salve reaction is 
that not every individual that shows it is tuberculous and that not every 
tuberculous patient reacts. Its true value can be appresiated only when 
it is interpreted in connection with a past or present history of tubercu- 
lous disease and in connection with physical signs. A patient may give 
a marked reaction and yet the character of the physical signs and the 
patient’s history may be such as to point conclusively to a healed process. 
Again, the patient’s history, even in the absence of physical signs, with 
& positive reaction, often lead to a diagnosis of active tuberculosis. In 
general, when a reaction occurs the physician must determine: first, 
whether the hypersensitiveness is due to tuberculosis; second, whether, if 
due to tuberculosis, the disease is cured or active. The reaction helps 
out other clinical means of investigation, but will never replace them. 


CONCLUSIONS 


1. The Moro test is absolutely harmless and simple to use. 

2. It is better adapted to use among adults than the von Pirquet test, 
hecause it does not produce a reaction so frequently among those clinic- 
ally free from tuberculosis. 

3. It produces a reaction probably about as frequently as the ocular 
reaction in the tuberculous and in the clinically free cases, but is devoid 
of the danger incident to the conjunctival test. 


THE CUTANEOUS AND CONJUNCTIVAL TUBERCULIN 


TESTS IN THE DIAGNOSIS OF PULMONARY 
TUBERCULOSIS 


LOUIS HAMMAN, M.D., anp SAMUEL WOLMAN, M.D 
BALTIMORE 


INTRODUCTION 


So much has been written about the cutaneous and conjunctival 
tuberculin tests that one feels constrained to offer an apology before 
making a further contribution. As the value of the tests is still under 
judgment and as questions of technic remain unsettled, however, we beg 
to be borne with for adding our word to the discussion. What we have 
to say is the result of over a year of experience with patients coming to 
the Phipps Dispensary of the Johns Hopkins Hospital. It is impor- 
tant that these tuberculin tests should be tried on as varied a material 
as possible, and we feel that we have had not only a rich material at our 
disposal, but one differing in many ways from the cases described in 
most of the reports that have appeared. All the patients that are sent 
us are, it is true, suspected more or less gravely of having tuberculosis, 
and in nearly all instances of having pulmonary tuberculosis. One of 
the main functions of the dispensary is to diagnose and differentiate 
this material, and after prolonged observation we find that somewhat 
less than two-thirds of our patients turn out to have definite tuberculous 
disease. The group of doubtful and non-tuberculous patients is becom- 
ing larger and larger as the work of the dispensary extends. We receiv: 
patients who come to us with a diagnosis of pulmonary tuberculosis 
already made. Many others have pulmonary symptoms and are sent to 
us for diagnosis, and in a certain proportion of this group it turns out 
that the pulmonary symptoms are due to disease other than tuberculosis 
We further make a special effort to examine as many members as pos 
sible of the families of advanced tuberculous patients, and, lastly, a 
large number of cases are sent for examination by the tuberculosis 
nurses and the agents of the Charity Organization Society. In the last 
group many, perhaps even the larger portion, are apparently well and 
are sent to us merely to exclude the presence of tuberculosis or to get a 
clean bill of health so that they may be admitted to various institutions 
that aim to exclude infectious diseases. Our clientele, then, consists of 
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healthy individuals, of persons suspected of having tuberculosis, and of 
the definitely tuberculous. It is important, but perhaps not necessary, 
to emphasize that all of our patients are from the lower walks of life 
and many from below the poverty line, and, after all, most of them come 
to us because they do not feel well or because those who are watching 
over them see in their surroundings those conditions which lead them 
to fear that they already have or else are in position to develop manifest 
tuberculous disease. 

For the past year it has been our practice to perform, ina routine man- 
ner, the skin and conjunctival tuberculin tests on as many of the patients 
as has been practicable. It has seemed to us that much of the confusion 
and lack of agreement as to the value of these tests is referable to im- 
perfect classification. It is not enough to say so many healthy indi- 
viduals react and so many tuberculous do not, but we wish to know 
under what conditions healthy individuals react and under what cir- 
cumstances the tuberculous do not. For this reason we have gone rather 
into detail with our cases and figures, perhaps into more detail than the 
importance of the subject demands; but we have tried to include in our 
tables everything of interest so that the basis for our deductions may 
be readily scanned. The number of our cases is not very large, so our 
results are significant rather than conclusive; but we believe that they 
are of more value than an equal number collected from various sources, 
hecause they have been uniformly observed. All of the questionable 
cases and many of the others have been examined by either one or the 
other of us. We mention this not to suggest that we are more skilful in 
diagnosis than others, but as a mark that the work was carefully con- 
trolled and judged by a standard which is, at least, uniform. 

For the purpose of classification we have divided our material into 
six groups as follows: 

Group 1. Non-tuberculous Cases. Total Number 64.—This group 
includes all of those patients who had absolutely no symptoms or signs 
of any tuberculous disease and those with pulmonary symptoms in 
whom these symptoms were manifestly due to some disease other than 


tuberculosis. The cases are classed as follows: 


Negative history and examination 37 cases 
Chronie endocarditis 4 cases 
Bronchitis and emphysema 3 eases 
Bronchitis . 3 cases 
Bronchial asthma 3 cases 
Enlarged tonsils and adenoids. 3 cases 
Chronic pharyngitis 2 cases 
Lobar pneumonia . 2 
Empyema following pneumonia 2 cases 
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Secondary anemia ...... sane 1 case 
Chronic gonorrhea 1 case 
Tertiary syphilis 1 case 
Neurasthenia 
Aneurism of arch of aorta. 1 case 


Group 2. Doubtful Cases. Total Number 191.—This group includes 
all those patients who have any symptoms or any physical signs that 
might be referred to tuberculosis and for which no perfectly satisfactory 
explanation can be given. The fact, however, that they have come to us 
with symptoms, though in themselves often slight, and frequently with a 
history of more or less intimate exposure, has led us to regard them 
with suspicion. Usually repeated examination has failed in any way to 
confirm these suspicions. The group comprises such cases as that of 
mut ne 


the wife of a tuberculous patient who herself has a little cough 
physical signs: a person who is unaccountably run down and in whos 
family there is a case of tuberculosis; children of the tuberculous who 
are thin and generally below par, or patients with a few symptoms and 
indefinite physical signs at an apex. 

Group 3. Probable Cases. Total Number 75.-—This group was espe- 
cially made to free our incipient class as far as possible from the per 
sonal equation. It must be granted that the diagnosis of incipient pul 
monary tuberculosis has a large individual factor, depending, in great 
measure, on the skill and training of the diagnostician. We feel conti 
dent that at least 75 per cent. of the cases in the probable group would 
be classed by men skilled in the diagnosis of pulmonary tuberculosis as 
incipient cases. The symptoms and signs, however, are not definite 
enough to permit this conclusion with certainty. Twenty-two of the 
patients received subcutaneous injections of tuberculin, and all but one 
gave febrile and constitutional reactions. Six of these 22 gave sugges- 
tive signs of even a focal reaction. The patient in the one negative case 
had such definite symptoms and signs of early pulmonary tuberculosis 
that the case was retained in spite of no reaction to 10 mg. 

Group 4. Incipient Cases. Total Number 28.—This number is so 
small, because our list has been depleted by transfers to the probable 
group. We feel that there can be no question about the diagnosis in a 
single one of these cases. Eleven of the 28 had tubercle bacilli in their 
sputum, 6 more gave a definite focal reaction to subcutaneous injections 
of tuberculin, and in the remaining 11 cases the symptoms and physica! 
signs were so definite as to leave little. if any, doubt about the correct 


ness of the diagnosis. 
Group 5. Moderately Advanced Cases. Total Number 91.—Forty- 
seven of these patients had tubercle bacilli in their sputum: the others 
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were diagnosed from the history and the evident physical signs. No 
questionable cases are included. 

frroup 6, Far Advanced Cases. Total Number 82.—In all these 
patients the diagnosis was evident from the history and physical signs. 
Thirty-one of the 82 had tubercle bacilli in the sputum. 

We wish to emphasize the care we have taken in distributing our 
cases according to this classification. After grouping our materia] we 
went over it again to make it certain that no questionable cases were 
included with the tuberculous. We can not say with certainty that no 
errors have occurred, but those that may be present are due to the in- 
herent difficulty of making a satisfactory clinical classification. 

THE CUTANEOUS REACTION 

During the summer and fall following von Pirquet’s' announcement 
if a new method of diagnosing tuberculous infections in children we 
made a number of observations which have been previously published.” 
Our procedure was to apply a drop of pure tuberculin to the skin and 
to make through it with the point of a scalpel a few very superficial 
incisions. As controls, incisions were made in the bare skin and also 
through a drop of 50 per cent. glycerin. As we never observed any 
reactions in the controls, they were later abandoned. Our results plainly 
indicated that so large a percentage of apparently healthy adults were 
reacting that the test would prove of diagnostic value only if it were 
negative. To make it less delicate we resorted to dilutions of tuberculin. 
In the series we are at present reporting, all of the tests were made as 
follows: On the cleaned outer surface of the arm were placed in a row a 
drop of a 1 per cent. solution, a drop of a 5 per cent. solution and a drop 
of a 20 per cent. solution of old tuberculin.® With a sterilized scalpel 
two small parallel incisions were made into the skin, first through the 1 
per cent., then through the 5 per cent., then through the 20 per cent. 
solution. It was aimed to make the incisions so superficial that there 
would be no bleeding, but frequently a few small drops of blood appear 
along the line of incision. This seems in no way to interfere with the 
delicacy of the test. In the beginning we allowed the tuberculin to 
remain on the arm two or three minutes after the incisions were made, 
then covered it with a small piece of gauze held in place by straps of 

1. Von Pirquet: Berl. klin. Wehnschr., 1907, xliv, 699, 

2. Hamman: Use and value of tuberculin in the diagnosis of pulmonary 
tuberculosis. THe Arcnives INT. MEp., 1908, i, 443. 

3. The tuberculin used in these experiments was obtained from the Alexander 
Serum Co. Unless otherwise specified tuberculin from cultures of the human 


type was employed. 
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adhesive plaster. In this way the tuberculin is kept a longer time in 
contact with the skin. More recently we have allowed the drops to re- 
main for at least five minutes after incision before covering them with 
gauze. This difference in the length of exposure has made absolutely 
no change in our results and is, we think, of quite secondary importance. 

The only technical difference between this method of performing the 
cutaneous test and that used by some others is in the manner of causing 
the abrasion. Von Pirquet employs an instrument with a spatula-shaped 
platinum point and a heavy base which is rotated three or four times 
through the drop of tuberculin, causing a pit-like abrasion of the skin. 
Von Pirquet was kind enough to send us one of his instruments, and for 
some weeks we carried on, side by side, tesis made with it and with a 
scalpel. We finally returned to the incision method as our routine. 
The objections to von Pirquet’s instrument are that it causes a good 
deal of pain, which is an important consideration in children, and that 
the reading of the results is more difficult. The control pit is always 
surrounded by an inflammatory areola which is hard to distinguish 
from a mild reaction, and the reactions on the whole are milder and less 
definite. It has been common to see no or slight reactions to the von 
Pirquet method, while those to the incision were positive. It requires 
some technica! skill, too, to apply just the right amount of pressure to 
the instrument. Perhaps some of the negative cases referred to might 
have been positive if more pressure had been made. The incision method 
is painless, the control shows absolutely no reaction and there can be no 
variation in the manner of application. 

The result of these tests we have classified under five headings: 

1. Negative Reactions.—No redness or infiltration about the inci- 
sions. 

2. Slight Reactions.—Definite redness and some infiltration about 


the incisions. 


3. +Reaction.—Rather wide area of redness which is definitely 
raised. 

4, +-+-Reaction.—Wider area of redness and more marked elevation 
than 

5, +-+—+Reaction—Unusual redness and a wide area of infiltra 
tion. 


As our material consists entirely of dispensary patients, the reading 
of the reaction is made after from twenty to twenty-four hours, and fre- 


quently again after forty-eight hours. The results recorded in our tables 
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are all the twenty-four readings. Wolff-Eisner* has divided skin reac- 
tions into three groups: 

Type 1.—The active reaction, the specific normal reaction of the 
tuberculous. It begins from four to six hours after inoculation and 
attains its maximum in from twenty to twenty-four hours. The maxi- 
mum stage persists during the second day and shows a decrease on the 
third or at latest on the fourth day. 

Type 2.—The premature reaction, characterized by a rapid course 
and a slight intensity. It begins in about six hours, reaches its maxi- 
mum speedily, sometimes after only ten hours, and disappears rapidly, 
at the latest on the second day. This type is supposed to occur in pa- 
tients with manifest tuberculosis who are not doing well. 

Type 5.—The late and persisting reaction. It begins like the others, 
but reaches its maximum slowly and gradually, usually at the end of the 
second day and in some cases still later, the maximum persisting un- 
changed usually for a week. This type is supposed to occur in patients 
with an inactive tuberculous lesion. 

He adds that these types bear no relation to the concentration of the 
tuberculin. 

We have no experience with premature reactions, for our patients 
come for inspection only after twenty-four hours. About delayed and 
persisting reactions, too, we have little to say. Only five cases were 
observed giving definite delayed reactions, and all 5 were among the non- 
tuberculous cases, 

Unusually severe reactions we have found rather uncommon. 

Well-marked vesiculation occurred in but 5 of our 526 cases. One 
case went on to definite pustulation. 

THE CONJUNCTIVAL REACTION 

In a discussion of von Pirquet’s paper on the cutaneous reaction to 
tuberculin, Wolff-Eisner announced that tuberculin instilled into the 
conjunctival sac would likewise cause a local reaction in tuberculous 
individuals. Caimette® only a few weeks later published the results of 
similar tests that he had made apparently independently. Wolff-Eisner 
used a 5 per cent. solution of old tuberculin and continues to use various 
dilutions of old tuberculin, as do most German clinicians. Calmette 
precipitates old tuberculin with alcohol and, after washing the sediment, 
redissolves it in salt solution in from 0.5 to 2 per cent. strengths. It 


4. Wolff-Eisner: Die Ophthalmo- und Kutan- Diagnose der Tuberkulose. 
Beitr. klin. d. Tuberk., 1908, ix, 1. 
5. Calmette: Presse méd., 1907, xv, 388. 
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has been pointed out and deserves to be emphasized that these solutions 
of purified tuberculin are approximately ten times stronger than those 
of old tuberculin, so that a 1 per cent. solution of the former is about 
equal to a 10 per cent. solution of the latter. This is a matter of much 
importance in comparing the results of various observers. In the pres- 
ent series of cases our method has been this: After carefully inspecting 
the eyes to see that the conjunctive are healthy and alike in appearance, 
one drop of the 1 per cent. solution of old tuberculin is instilled into the 
left conjunctival sac. The sac is then manipulated so that the fluid is 
equally distributed. The following morning, after twenty to twenty- 
four hours, the patient comes for inspection, and if the left eve shows 
no reaction a drop of a 5 per cent. solution is instilled into the right 
conjunctival sac. At the end of another twenty to twenty-four hours 
the eves are again inspected, and in some instances a third instillation, 
consisting of a drop of 1 per cent. old tuberculin, was made in the left 
eve. In some of the early cases a 2 per cent. instead of a 5 per cent., 
solution was used for the second instillation. These particulars are 
indicated in the tables that follow. As in the skin test. all of the read- 
ings were made after twenty to twenty-four hours. 

The following grouping of the reactions was adopted : 

Negative-—No discernible difference in the two conjunctive. 

Slight or doubtful.—Conjunctiva of the eve receiving the injection 
a little redder than the other eve, but the difference not marked enough 
to permit the reaction to be called definitely positive. In most instances 
the redness and injection are limited to the caruncle. 

-+-.—Definite palpebral redness. 

++ — More marked palpebral redness with secretion. 

~-+--+.—Palpebr. nd bulbar redness with subjective symptoms 
and well-marked seer 

In making the ree igs the lower lids are well pulled down and the 
patient directed to move the eyes in different planes. In making up our 
tables from the records we have omitted the group “slight or doubtful” 
and placed all of these cases in the negative group. We found that so 
frequently the note was made “slight” reaction to the 1 per cent. instilla- 
tion followed by “negative” to the 5 per cent. that we were convinced 
that retaining this class was a useless refinement. It will be appreciated 
that a slight or doubtful reaction to a conjunctival test is quite different 
from a slight reaction to the cutaneous test. The latter is always defi- 
nitely positive as compared with a control, and we have counted it a 


positive reaction in our tables, giving summaries. 


NY 
if 
; 
q y 


314 CUTANEOUS AND CONJUNCTIVAL TUBERCULIN TESTS 


THE RESULTS OBTAINED 


Table 1 shows the results of the application of the tests in the non- 
tuberculous cases. It is seen at a glance how very infrequent a con- 
junctival reaction is and how very common the skin reactions are, par- 
ticularly to the 20 per cent. tuberculin. Both of the patients reacting 
to the first 1 per cent. eye instillation give a history of marked exposure 
to the disease. 

Patient 2670, negative to 1 per cent., but positive to the instillation 
of 5 per cent., also gives a definite history of exposure to the disease. 


ranie 1 CUTANBOUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN 63 NON 
CASES 


No. of Conjunctival Reactions. 


No. of Skin Reactions. Instillation. 

Ist. 2a. 3d. 

Strength 
o 20 5 1 
Tuberculin. 

Negative 53 17 ol 32 

reaction. 
Slight 2 

reaction. 

6 20 i 2 0 0 2 

2 7 18 0 0 1 0 

0 i 5 0 0 0 0 


‘There are, however, 21 more patients that gave a history of marked 
exposure in the family. None of these reacted to the first instillation 
of 1 per cent., and three failed to react to an instillation of 2 per cent. 
and 11 to 5 per cent. in the opposite conjunctival sac, and 1 even to the 
second instillation of 1 per cent. in the first conjunctiva. 

One patient, a boy, aged 12, with asthma, showed a delayed skin re- 
action which came on after forty-eight hours. The 1 and 5 per cent. 
conjunctival tests were negative. 


Table 2 gives the re sults in the doubtful cases. Four of the patients 
ini not receive the 1 per cent. tuberculin on the skin and 2 have no rec- 
ord of the 1 per cent. eye instillation. One of these failed to return 
to have the 1 per cent. instillation inspected, and subsequently the 
instillation of 5 per cent. was negative; the other received only one 
instillation, and that of 5 per cent., which was negative. 

In this table, too, the much higher percentage of reactions to the 


skin test is seen. 
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Besides the 14 patients receiving a second instillation of 1 per cent. 
in the same eye, one received a second instillation of 5 per cent. and 
gave a +++ reaction, and two a second instillation of 2 per cent, 
both remaining negative. Four of the patients showed delaved skin 


reactions and one a delayed conjunctival reaction to 5 per cent. 


TABLE 2 CUTANEOUS AND CONJUNCTIVAL REACTIONS IN 191 DouprruL TUBERCULOUS 


CASES 
No. of Conjunctival Reactions 
No. of Skin Reactions Instillation 
Ist Rd 
Strength of 4 
reaction. 
x Slight. 23 20 20 
x 
7 25 2 ‘ 
1 6 ” 3 0 0 1 
Test not 4 2 
given. 
i Three of the patients showed an unusual reaction. They received 
i an instillation of 1 per cent., which the following day was negative, and 
‘ a drop of 5 per cent. was then instilled into the opposite conjunctiva. 
On the day after, although the 5 per cent. was negative, the 1 per cent. 
; showed a mild positive reaction. We can suggest only one of two expla 


nations: first, that these were delayed reactions, which seems improbable, 
and, second, that the first conjunctiva had become so sensitized by the 
1 per cent. tuberculin that it reacted to even the small amount that 
reached it from the instillation of the 5 per cent. in the opposite con 
junctival sac. How it reached the first eye it is difficult to say. There 
are no definite channels of lymphatic connection between the two con- 
junctive. It is hardly probable that a large enough amount could have 
been absorbed to cause a reaction in the first eve by reaching it through 
the general circulation. It is possible that the patients, in rubbing the 
eyes, carried some of the tuberculin from the inoculated conjunctiva to 
the other. If Moro’s® views are correct, these reactions might he due to 
a reflex nervous influenc 


6. Moro: Tuberkulinreaktion und Nervensystem. Miinchen, med, Wehnschr., 
1908, Iv, 2025. 
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In one instance a +--+ reaction to the 1 per cent. instillation was 
followed by phlyetenular conjunctivitis. The eye was still red, but the 
inflammation was rapidly subsiding at the end of two weeks. In the 
doubtful group, 51 patients gave a history of prolonged exposure in the 
family. 

Eight, or 15.7 per cent, were positive to 1 per cent. instillation. 

Forty-three, or 84.3 per cent., were negative to a 1 per cent. instillation. 

Seven of the negative cases were negative to a second instillation of 2 per 
cent, and 23 to a second instillation of 5 per cent. 

Two of the negative cases became positive to a second instillation of 2 per 
cent, and one positive to a second instillation of 5 per cent, 

This is a very little higher percentage than for the whole group and 
would indicate that exposure to tuberculosis without signs or symptoms 
of disease plays no great part in the production of the conjunctival 
reaction. 

Table 3 gives the results in the probable cases. The increasing 
number of both eve and skin reactions is seen. 


TABLE 3.—CUTANBEOUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN 71 PROBABLY 
TUBERCULOUS CASES 


No. of Conjunctival Reactions. 


No. of Skin Reactions. In-tillation. 
Ist. 2d. 3d. 
Tuberculin. 1 20 1 2 5 1 
N egat 42 10 4 18 4 
reaction. 
Stight. i 
2 22 28 10 2 
0 3 2 0 1 
Test not 2 
given. 


Under the ++ reaction to the first instillation of 1 per cent. are 
included two cases in which the reaction became positive only after the 
instillation of 5 per cent. in the opposite eye. These are similar to the 
three cases referred to in the doubtful group, only here the reaction was 
very marked and both the 1 per cent. and 5 per cent. were positive. In 
one of the cases the 1 per cent. and 5 per cent. reactions were about 
equally severe—both +--+ reactions; in the other the 1 per cent. was 


even more severe than the 5 per cent., a -}-+ and a + reaction, re- 


LOUIS HAMMAN—SAMUEL WOLMAN 317 


spectively. This certainly indicates a sensitizing action of the first 
instillation rather than a delayed reaction. 

Sixteen of the patients gave a history of marked exposure to tuber- 
culosis in the family or in the workshop. 

Three of the 16, or 19 per cent., reacted to the first conjunctival 
instillation of 1 per cent. In 4 of the negative cases the patients re- 
ceived an instillation of 2 per cent. in the other conjunctiva, 2 reacting 
and 1 negative; 8 an instillation of 5 per cent., 3 reacting and 5 nega- 
tive; 2 a second instillation of 1 per cent. in the first conjunctiva, 1 
reacting and 1 negative. 

Table 4 gives the results in the incipient cases. In one case the skin 
test and the 1 per cent. conjunctival test were omitted, but an instilla- 
tion of 2 per cent. was positive. 


TABLE 4.—CUTANEOUS AND TUBERCULIN REACTIONS IN 28S INCIPIENT CASES 


No, of Conjunctival Reactions. 


No. of Skin Reactions. In-tillation, 


Ist. 2d. Sd. 
Strength of 5 
Negative 12 6 3 M4 4 8 1 
reaction. 
Slight. 2 3 1 
| 5 6 0 
4 3 8 2 1 
0 5 10 5 0 
Test not 1 1 1 1 
given. | 


One patient had apparently an old fibroid lesion. The skin test 
showed a + reaction to 1 per cent., a ++ to 5 per cent. and a +--+- to 
20 per cent. Both the 1 per cent. and the 5 per cent. conjunctival 
instillations were negative. 

Another patient in an apparently fibroid ease gave 0, 0 and + skin 
reactions and was negative to both the 1 per cent. and 5 per cent. con- 
junctival instillations. 

Table 5 gives the results in the moderately advanced cases. 

Two patients failed to return for an inspection of the 1 per cent. 
conjunctival instillation. Both subsequently gave a +-+ reaction to 5 


per cent. 


|| 
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Two patients showed vesiculation of the 5 per cent. and 20 per cent. 
cutaneous reactions and one patient pustulation. 

One patient gave a violent conjunctival reaction to 1 per cent. with 
profuse purulent discharge. 


TABLE 5.--CUTANEOUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN 91 MODERATELY 
ADVANCED CASES 


No. of Conjunctival Reactions 


No. of Skin Reactions. In-tillation, 
2d. 3d 
Negative 6 1 7 
reaction 
Slight 7 
il 
Test net 2 
siven 


TABLE 6.--CUTANEROUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN S82 Far ADVANCED 


CASES 
No. of Conjunctival Reactions. 
No of Skin Reaction~ Instillation 
1 2d. 3d 
Negative 20 7 
reaction 
Slight 8 6 § 
” 
0 ” 
Test not 1 
given 


Three of the patients had old apparently fibroid lesions. 
One gave a + conjunctival reaction to 1 per cent.; one was negative 


to 1 per cent. and gave a +- reaction to 5 per cent.; one was negative to 
1 per cent. and received no further instillations. All three gave definite 
cutaneous reactions. 
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Table 6 gives the results in the far-advanced cases. One patient 
failed to return for inspection after the 1 per cent. eye instillation. The 
subsequent 5 per cent. instillation gave a -+- reaction. 

One patient gave a +++ conjunctival reaction to 1 per cent. with 
purulent secretion. 


GENERAL SUMMARY OF THE RESULTS 


Table 7 shows at a glance the summary of the results. To the 1 per 
cent. conjunctival instillation 3 per cent. of the non-tuberculous cases 
react, 13 per cent. of the doubtful, 31 per cent. of the probable, 48 per 
cent. of the incipient, 71 per cent. of the moderately advanced and 69 
per cent. of the far advanced. The percentage of the reactions to the 
5 per cent. instillation raises the proportion still higher. The method 
of arriving at this proportion is as follows: Allow, as an example, 


TABLE 7 TABLES 1 To 6 CONDENSED AND STATED IN PERCENTAGES 


Per Cent. of Conjune 


"er Ce f Sk ‘actions 
Per nt. of Skin Reaction tival Reactions 


Strength of 

Tuaberculin. ‘ 0 ! 
Degree of Reaction. 0 0 0 + +4 04 + + 0 Pos 
Non-tuberculous 

cases 8113 3 0 938 11 27 40 29 3 «0 0 " 
Doubtfully  taubereu- 

lous cases, 6432) O5 3549 13 2 ) 
Probably tuberculous 

cases 451 0 i451 31 6% 40 ol 
Incipient tuberculous 

Cases 4441 15 0 36 1122 30 36 19 is 
Moderately advanced 

tuberculous cases... 4054 6 0 6 323 40 2930 23 «17 
Far advanced tuber 

culous cases M40 66 0 2438 32 935 26 3127 Si il 


that 300 patients receive the 1 per cent. instillation and of this number 
100 react, of the 200 negative cases only 100 return for the 5 per cent. 
instillation, and of this number 50 react. It is approximately safe to 
assume that if 50 of the 100 patients that returned reacted, 50 of the 
other 100 patients that did not return would also have reacted, making 
a total of 100 reactions to the 5 per cent. among the 200 that did not 
react to the 1 per cent. It is further certain that the 100 patients 
reacting to the 1 per cent. would have reacted to the 5 per cent. had 
this test been given, which makes a total of 200 reactions to the 5 per 
cent. out of the 300 cases, or 67 per cent. Calculated in this manner, 
the 5 per cent. instillations give 6 per cent. of reactions in the non- 
tuberculous group, 25 per cent. in the doubtful, 61 per cent. in the prob- 


able, 52 per cent. in the incipient, 87 per cent. in the moderately ad- 


| 

| 

} 


320 CUTANEOUS AND CONJUNCTIVAL TUBERCULIN TESTS 


vanced, and 86 per cent. in the far advanced. Under the skin reactions 
one easily follows the percentages. In the moderately advanced group 
there are 40 per cent. negative reactions to the 1 per cent., only 7 per 
cent. negative to the 5 per cent., and 3 per cent. negative to the 20 per 
cent. This is apparently a much more valuable diagnostic means in 
tuberculous cases than the conjunctival reaction, but unfortunately it 
loses in reliability when compared in the non-tuberculous and doubtful 
groups. In the non-tuberculous the negative reactions are only 27 per 
cent. and in the doubtful but 18 per cent. 

TABLE S.—-CITANROUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN CASES IN WHICH 


Tuperc te APPEARED IN 


INCIPIENT CASES, 11. 


No. of Skin Reactions. No. of Conjunctival Reactions. 
Strength of Taberculin. 1 20% 24 
Negative reaction 2 1 1 4 2 1 
Slight.. 2 1 0 

5 3 1 3 

2 5 5 2 
+++ 0 1 4 2 


Test not given 


MopERATELY ADVANCED CASES, 47. 


Negative reaction 22 1 1 y 1 1 

Slight 3 4 2 

+ 25 10 13 3 
5 4 21 16 2 

3 13 8 

Test not given 1 


FAR ADVANCED CASES, 31. 


Negative reection, 15 7 | 2 i 2 1 
Slight. 3 5 | 5 

10 7 7 10 | 1 
+++ 1 10 3 
Test not given 1 


We have constructed Table 8 of the cases in which there are tubercle 
bacilli in the sputum and Table 9 which may be directly compared with 
Table 7. We do not ourselves believe that Table 9 gives even as truthful 
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a statement as Table 7, for the number of cases is smaller and in the 
incipient group it is manifestly unjust to include only cases in which 
there are tubercle bacilli in the sputum. Knowing, as we think our 
tables plainly indicate, that patients with moderately advanced tuber- 
culosis possess a greater conjunctival sensitiveness to tuberculin than 
early cases, one would expect that among patients in the incipient class 
those with tubercle bacilli in the sputum would give a larger percent- 
age of reactions than those without tubercle bacilli. In the moderatel) 
and far advanced groups the percentage of reactions is also somewhat 
higher, but the difference is not greater than might be accidental. Under 


the skin reactions the figures correspond rather closely. 


TABLE Dara oF TABLE 8 STatrep IN ForRM or Perce NTAGES 


Conjunctival 


Skin Reactions. 


1 5 20. 1 5 
0+++ 444 04 0+ + + 0 + +++ 0 
Incipient cases.. 1864 18 0 | 936 45 9 |9 9 4 | 36 (36/27 18) 18 ? 
Moderately advanced 
cases... 4743 10 0 262 3 6 225 44 28 (20/28 35 li 4% 
Far advanced cases. #942 9) 2339 35! 38 | 639 23 32 37) 10 | 90 


THE RELATION BETWEEN THE SKIN AND CONJUNCTIVAL REACTIONS 


It is of frequent occurrence to find that a patient giving no reaction 
to a conjunctival instillation will give a well-marked cutaneous reaction. 
The much larger number of skin reactions shows how common such a 
relation is. To explain this we may assume that certain cells in the 
body are more highly sensitized to tuberculin than other cells and that 
the skin possesses this hypersensitiveness to a much higher degree than 
the conjunctiva. This may be true and it seems not unreasonable, but 
we must consider, too, the differences in the method of application. No 
trauma is inflicted in making the conjunctival instillation and, although 
absorption from the sac is easy, this may, after all, be of fundamental 
importance, The relation of the intensity of the two reactions is by no 
means constant, there frequently being a marked skin reaction when 
the eve reaction is slight, and conversely, but by no means so commonly, 
a mild skin reaction when the conjunctival reaction is intense. Only 


rarely the eye reaction is positive when the skin is negative. These 


| | 
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relations are indicated in Table 10. It is impossible to offer any satis- 
factory reason why such variations should occur unless one would accuse 
the technic. While we think that this may at times be at fault, we do 
not believe that it is the source of all or even of many of these disagree- 
ments. From the table one sees that there is in general a correspondence 
between the two reactions. Nineteen per cent. of the 20 per cent. skin 
reactions are negative among those failing to react to the conjunctival 
instillation and no negatives to those giving a +++ conjunctival 
reaction, while the --+-+ skin reactions rise from 11 per cent. to 57 
per cent. 


rarce Ww RELATION ReTWEEN THRE CUTANFOTS AND CONJUNCTIVAL REACTIONS 


Skin Reaction- 


z— 
1 5 20 
2 
Negative 31 4 38) 0 2 122 | 33 133 | 46 8 0,64 37 9 107) 38 0 
342 cases... 686 126 17 3 35% 10% 394 136 2 19% 28¢ 31 0 
31 5/38 0 1/13) 5 6 4/171 & 
80 Cases 66 16% 6% 37% 324 7 6 5% 24 24 
++. 2 6 0 6 38 2%) % 2 1] 4] 13) 21 0 
63 cases “i 6¢ #0 9 9 3 64/214 3 38 
P+ . 10 0 4 4 1 0 1 2 5 | 18 9 0 0 1 5 9 20 0 
3 cases Se 8 30 60 I4e 26 O¢ 34 146 2% a7 


Our main object in making the cutaneous test with different 
strengths of tuberculin was to see if we could find a particular dilution 


that would give results comparable to those from the conjunctival test 
or, indeed, results still more nearly in accord with the clinical findings. 
A glance at Tables 7 and 10 shows that the attempt is futile. Even to 
the 1 per cent. skin test 32 per hundred react among those negative to 
the conjunctival instillation, and to the 5 per cent. skin test 65 per 
hundred. On the other hand, 40 per cent. positive in the + degree to 
the conjunctival test are negative to the 1 per cent., and 16 per cent. to 
the 5 per cent. skin tests. In the 20 per cent. skin reactions nearly all 
the patients react, even those negative to the conjunctival test. Simi- 
larly, while the 20 per cent. skin test gives results more nearly in accord 
with the clinical diagnosis among the definitely tuberculous, it gives far 
too high readings among the non-tuberculous and doubtful. The 1 per 
cent. skin test. on the other hand, gives fair averages for the non-tuber- 
culous and doubtful groups, but entirely too low readings for the defi- 
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nitely tuberculous. The 5 per cent. skin test stands between the two 
with too high percentages among the non-tuberculous and doubtful and 
too low among the definitely tuberculous. The results of the cutaneous 
and the conjunctival tests are by no means interchangeable and if each 
has a value both must be used. 
THE RELATION BETWEEN THE SUBCUTANEOUS, THE SKIN AND THE 
CONJUNCTIVAL REACTIONS 

The question of the relation between the skin and the conjunctival 
tests and the subcutaneous administration of tuberculin and the value of 
each method in diagnosis is, we feel, important enough to justify giving 
in detail the results of the three methods in 48 cases. Table 11 gives 
these results in a concise form which is readily scanned. 

Of the 48 cases, the 4+ non-tuberculous failed to react, althoug! 
Patient 1827 had one temperature elevation of 100.6. This elevation 
followed one of the first injections and was not repeated after subse- 
quent injections, and there were never any constitutional symptoms. 

Of the 14 patients in the doubtful group, 8 gave definite febrile ani 
constitutional reactions; 5 gave neither febrile reaction nor constitu- 
tional symptoms, and 1 had no constitutional symptoms, although the 
temperature went to 99.4. 

Of the 21 patients in the probable group, 17 gave definite febrile el: 
vations and constitutional symptoms. One patient reacted definitely, but 
the height of the temperature was not recorded. In two cases there was 
an elevation to but 99, with slight constitutional symptoms. One 
patient gave a definite focal reaction and two, suggestive signs of a 
focal reaction. One case was negative. 

Of the 9 patients in the incipient group, all but one gave definite 
febrile and constitutional reactions. Seven gave definite focal reactions 
and one suggestive signs of a focal reaction. The negative case deserves 
special attention, as tubercle bacilli were reported in the sputum. The 
fact that a patient in an early stage of pulmonary tuberculosis with 
bacilli in the sputum should not react to even 10 mg. of tuberculin sub- 
cutaneously is such an unusual occurrence that one is immediately 
prompted to suggest the possibility of an error in the sputum report. 


This was our first thought and, as our positive slides are always saved, 


it was easy to verify the finding. The only possible source of error 


could, then, have been a faulty numbering of the slides, and, while 
careful inquiry fails to lend support to such view, its possibility has 
induced us to put an interrogation mark after the positive report. The 
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other two examinations were negative. The history and physical signs 
certainly suggest very strongly an early pulmonary tuberculous lesion. 

In the 8 cases with definite focal reaction, 2 patients reacted and 6 
were negative to the 1 per cent. conjunctival instillation. Of the 6 
negative cases, 5 remained negative to a second instillation of 5 per 
cent. and 1 to a second instillation of 2 per cent. and a third instilla- 
tion of 1 per cent. Seven patients gave definite skin reactions and one 
a slight skin reaction. In the incipient case negative to tuberculin 
subcutaneously, the patient gave a marked cutaneous reaction, but was 
negative to 1 per cent. and 2 per cent. in the conjunctiva. 

In the 11 cases negative to tuberculin subcutaneously, 1 patient gave 
a conjunctival reaction to 1 per cent., 1 more to 2 per cent., and a third 
to 5 per cent. One gave no skin reaction and 2 only slight skin reac- 
tions. 

Of the 2 patients giving doubtful reactions, both were negative to 1 
per cent. and 2 per cent. conjunctival instillations and to a third instilla- 
tion of 1 per cent. One gave a marked skin reaction, the other a slight 
reaction. 

Of the 26 with a positive febrile and constitutional reaction, but 
without signs of a focal reaction, 6 were positive and 29 negative to the 
1 per cent. conjunctival instillation. Of the 20 negative, 4 received a 
second instillation of 2 per cent. and 2 reacted, and 16 a second instilla- 
tion of 5 per cent. and 7 reacted. Two of the patients negative to 2 
per cent. received a third instillation and 1 reacted, and 1 patient nega- 
tive to 5 per cent. reacted to the third instillation. All the 26 patients 
but one gave a definite skin reaction. 

Table 11 shows, then, that there is no absolute agreement between 
these three methods of administering tuberculin. A patient may react 
to tuberculin subcutaneously and give no skin or conjunctival reaction 
and may give even a marked conjunctival reaction and fail to show any 
response to 10 mg. subcutaneously. On the whole, however, there is a 
much more constant agreement hetween the subcutaneous and the 
eutaneous reaction than between the subcutaneous and the conjunctival. 


REPEATED INSTILLATIONS IN THE SAME CONJUNCTIVA 
It has become a matter of common observation how frequently a 
conjunctiva which shows no reaction to an instillation of 1 per cent. 
will react when a second application of the same strength or even of a 
much weaker solution is made. Rosenau’ instilled a drop of 1 per cent. 


7. Rosenau (M. J.) and Anderson (J. F.): Ocular reaction to tuberculin; a 
warning. Jour. Am. Med. Assn., 1908, L, 961. 
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solution of tuberculin in the conjunctiva of 12 healthy men and none 
reacted. After fifty-one days a second instillation of the same strength 
or in a few cases of a weaker solution was made and 10 reacted defi- 
nitely. Vaughan* instilled tuberculin into the conjunctive of 110 
healthy students. Six reacted. Twenty-one days later a second instilla- 
tion was made into the same conjunctiva and 59 per cent. reacted, some 
violently. Evidently one application of tuberculin highly sensitizes the 
local cells to subsequent contact. The reaction is probably analogous 
to the general tuberculin reaction and is at present best explained by the 
hypotheses of Wolff-Eisnert and Vaughan.’ Vaughan has been able 
to split proteids into two substances, one toxic and the other inert. 
The toxic substance produces symptoms very similar to those of a tuber- 
culin reaction. The inert substance, while itself devoid of poisonous 
properties, sensitizes an animal to subsequent injections of the proteid 
from which it is derived. This hypersensitiveness is highly specific, so 
that an animal sensitized to egg albumin will react to this proteid alone 
and to no other. When tuberculin is first brought in contact with the 
body cells there are so few receptors present to unite with the sensitizing 
moiety that the proteid is broken up too slowly for the poisonous sub 
stance to produce either local or general symptoms. Following this pri 
mary stimulation, however, the cells give off antagonistic bodies in such 
abundance that when tuberculin again comes in contact with them they 
seize on it with great avidity and the toxie portion is liberated so rap- 
idly that its full poisonous properties come at once into evidence. It 
requires from seven to twelve days for the sensitiveness to become estab- 
lished and it may persist for many months. In our series, 33 patients 
negative to 1 per cent. and to either 2 per cent. or 5 per cent. received a 
second instillation of 1 per cent. in the eye previously negative to a drop 
of the same solution. Thirteen reacted and 20 remained negative. In 
19 negative cases the time interval between the first and second instilla- 
tion was two days in 5 cases, four days in 2 cases, five days in 2 cases, 
six days in 2 cases, seven days in 4 cases, eight days in 1 case, thirteen 
davs in 1 case, twenty days in 1 case and ninety-five days in 1 case. In 
11 positive cases the time interval was two days in 3 cases, four days in 
1 ease, five days in 1 case, six days in 2 cases, seven days in 1 case, nine 
days in 1 case, thirteen days in 1 case, and seventeen days in 1 case. 
Although it may truthfully be said that we would have obtained a 
higher percentage of reactions had the interval between the two instilla- 


8. Vaughan (Victor C.): Discussion on papers of Drs. Evans, Wheaton and 
Smithers and Walker. Jour. Am. Med. Assn., 1909, lii, 34. 
9. Statement made at International Tuberculosis Congress, Washingion, 1908 
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tions been longer, still this is not the sole explanation of all of the nega- 
tive cases. In 8 cases in which the patients did not react, the interval 
was at least a week. It has been definitely shown, notably by Roepke,"® 
that, no matter how many successive instillations we may make, a cer- 
tain number of cases will remain negative. The important clinical 
question arises whether we can ever sensitize the conjunctiva of a non- 
tuberculous individual. A large proportion of healthy people will react 
to repeated conjunctival inoculations, but so will they to subcutaneous 
injections, and we look on these individuals, not as sensitized by the 
repeated injections, but as possessing somewhere in the body a hidden 
tuberculous focus. Without such an assumption, we can find no satis- 
factory explanation for the persistently negative cases. We have our- 
selves never been able to sensitize the conjunctive of healthy rabbits to 
tuberculin by repeated instillations of varying strengths of and even of 
pure tuberculin. Such results in rabbits, however, can not be accepted 
as conclusive. For some reasons their conjunctive seem insensitive to 
tuberculin under all conditions, as the experiments of Hamill, Carpenter 
and Cope."* and of Nobécourt and Mantaux'* show. We ourselves be- 
lieve that any reaction to tuberculin, even after repeated instillation, 
indicates the presence of a tuberculous lesion. The advisability of 
using such repeated instillations clinically is another question. Prac- 
tically all investigators are against such use. But Roepke, who cites 
Bandelier as agreeing with him, holds out strongly not only for the 
importance, but for the necessity of making repeated instillations, if we 
are to obtain satisfactory results. It is unnecessary to reproduce 
Roepke’s well-arranged and full tables. Briefly he finds that to a single 
nstillation of from 0.5 per cent. to 2 per cent. old tuberculin 17.4 per 
cent. of patients in the incipient stage react, 42.7 per cent. of second- 
stage cases and 55.7 per cent. of the third-stage cases. With each subse- 
quent instillation these percentages rise until to four instillations, begin- 
ning with 0.5 per cent. and ending with 4 per cent., 100 per cent. of the 
patients in the second and third stages react and 92.2 per cent. of the in- 
cipient. If these four instillations are all made in the same eve, 100 per 
cent. of the patients in the early stage react; if two are made in each eve, 


only 63 per cent. react. Roepke then concludes that, in order to obtain 


10. Roepke: Beitr. Klin. d. Tuberk... 1908, ix, 353. 

11. Hamill (S. MeC.), Carpenter (H. C.) and Cope (T. A.): A comparison of 
the von Pirquet, Calmette and Moro tuberculin tests and their diagnostic value. 
Tue Arcuives Mep., 1908, ii, 405. 

12. Nobécourt and Mantaux: Ophthalmo- et Cuti- réaction dans la tuberculose 
Soc. de biol. de Paris, seance du 26 Octobre, 1907. Cited 


expérimentale du Japin. 


by Villaret and Fixier: Rev. de la tubere., 1908, series 2, v, 355, 
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definite and valuable results, at least four instillations should be made, 


and preferably all four in the same eye. Our results agree with those of 


Roepke, in that the smallest number of reactions occur in the incipient 
cases, and he is quite right to emphasize that it is the diagnosis of these 
cases that particularly concerns us. We seldom need tuberculin to make 
a diagnosis in moderately advanced cases and far advanced cases. His 
tables certainly make a strong plea for his contention. It needs to be 
emphasized, however, that the results we obtain with tuberculin are 
clinically only relative. Unfortunately, it always gives either too much 
or too little. If we use dilutions strong enough to make all tuberculous 
patients react, the number of reactions among healthy individuals rises 
so high that the method loses its value. If, on the other hand, we make 
the dilutions so weak that only a small proportion of healthy persons 
react, we find that the number of tuberculous patients reacting is so 
small that the method again loses its value. This is the weak point in 
Roepke’s claim. He has tried the method on too few healthy individuals 
to have any control. ‘Those who have made such comparisons find that 
repeated conjunctival instillations reduce the test to a proportion 
almost parallel with the cutaneous reaction. We must admit with 
Roepke that single conjunctival instillations give us too little, but it 


is true that his plan gives us far too much.’® 


TIE PROGNOSTIC IMPORTANCE OF THE CONJUNCTIVAL AND CUTANEOUS 
REACTIONS 

Wolff-Eisner™ was the first to emphasize the value of the conjune- 
tival and the cutaneous reactions in prognosis. He assumes from his 
results that the ability to react to the tests represents a high degree of 
resistance to tuberculous infection, and an inability to react, a want of 
such resistance. He asserts, indeed, that the most severe reactions occur 
in individuals without manifest tuberculous disease. In a person who 
is definitely tuberculous a severe reaction speaks for good resistance, a 
weak or no reaction for poor resistance, and, other things being equal, 
the one with good reacting power will make a better fight against the 
disease than the one with poor or no reacting power. In support of this 
view, he finds that patients in the early or I stage give a higher per- 


centage of reactions than the II, and the IT higher than the ITT. 


13, For an attack on Roepke’s views see Wolff Eisner: Ueber meine Ergebnis= 
hei Kutan und Konjunktival Reaktion. teitr. z Klin. d. Tuberk., 1908, x, 161 
And for Roepke’s reply, ibid, 1908, vi, 245. 

14. Wolff-Eisner: Beitr. z. Klin. d. Tuberk., 1908, iv, 1. Stadelman and Wollf- 
Kisner: Deutsch. med. Welinsehr., 1908, xxxiv, 180. 
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These differences are very marked, 80 per cent. of early cases 
reacting and only 20 per cent. of the far advanced. Without at present 
offering any explanation of the divergence, we may point to our figures 
as giving almost the reverse proportion. Considering only the 1 per 
cent. instillations, we see from Table 7 that only 48 per cent. of the in- 
cipient cases react conjunctivally, while 71 per cent. of the moderately 
advanced and 69 per cent. of the far advanced react. One can not help 
but conclude from our figures that the duration and extent of the disease 
has an important influence on the reacting capacity of the individual. 


TABLE 12.—CUTANEOUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN 27 INCIPIENT 


CASES 
No. of Skin No. of Conjunctival! 
Reactions. Reactions. 
Negative 8 5 2 4 
reaction. 
Slight. 1 0 0 
Giood general condition, 18 | 6 ‘ 3 5 
— 3 5 5 0 
+ 4 8 i 
0 3 1 1 3 
Slight. 2 
Fair general condition, 8 | 3 2 1 1 1 
Cases. 
4 
0 1 1 1 
Slight. i 
1 
Bad general condition, | case 
+ 


It is true that there are more +-+-+- reactions among the incipient 
eases, but if we add the ++ and +-+-++ together (for these are all 
severe reactions) there is again a far higher percentage of severe reac- 
tions among the moderately and far advanced cases. There is not so 
striking a difference in the cutaneous reaction, but what difference there 
is is not strongly in favor of the incipient cases. Roepke comes to the 
same conclusion that we do. Wolff-Eisner so strongly attacks the diag- 
nosis and classification of Roepke’s material that we feel called on to say 
another word about our own. We feel this need particularly, as we 
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must admit the justice of much of Wolff-Eisner’s criticism. In the 
first place he insists that Roepke places too much dependence on the 
subcutaneous tuberculin test to verify his diagnosis. We have else- 
where* spoken rather at length on this point and have insisted on how 
little value in the diagnosis of clinical tuberculosis is a positive tuber- 
culin reaction without the accompanying signs of a focal reaction. 
Table 11 shows that we have not fallen into this error. We do, however, 
feel that we, too, are open to Wolff-Eisner’s second count, namely, the 


TABLE 13.—-CUTANEOUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN 89 MODERATELY 
ADVANCED CASES 


No. of Skin No. of Conjunctival 
Reactions. Reactions. 


Strength of 
Tuberculin. 


Negative 
reaction. 
Slight. 
Good general condition, 29 
cases. 


Fair general condition, 27 


cases. 


0 


Slight. 


Bad general condition, “1 


cases. 


\ 
*In the group of good condition only 2S patients received the 1 per cent. con 
junctival instillation. 
small number of cases showing tubercle bacilli in the sputum. This we 
know is not the fault of our cases, but due to the difficulty of getting 
sputum from ambulant patients and of having it satisfactorily examined 
in a busy out-patient clinic. Out of the 91 moderately advanced cases, 
sputum examinations are recorded in 67, of which number 47 were 
positive and 20 negative. Of the 20 negative cases, only 4 had more 
than one examination. This, I think, is a fair average for this stage 
of the disease. I may emphasize again that clinically we are sure of 


| 
2 2 3 
3 2 2 
11 3 3 
3 ll 7 4 
4-4-4 3 13 3 
0 1s 12 1 
Slight. 5 i 3 
13 20 13 2 
+-+ 10 14 7 1 
+ 4 1 9 5 
8 1 2 
1 
+ 13 10 4 5 
+- 2 s 12 6 
4 2 5 s 
| 
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every patient in the moderately advanced and far advanced groups. It 
must be admitted that a large individual factor does come into play in 
the diagnosis of incipient pulmonary tuberculosis. As we have stated, 
we have tried to eliminate this as far as possible. Knowing what we do 
about pulmonary tuberculosis, I think it would give figures equally, if 
not more false, to insist, as Wolff-Eisner does, that we are to include 
nly eases in which there are tubercle bacilli in the sputum. This 
would largely destroy what we now call incipient cases, and if Wolff- 
Kisner has adhered to this criterion one fears that he may have obtained 
such a high percentage or reactions in what he calls the I stage, be- 
cause he was really dealing with what we should call moderately ad- 
vanced cases, and that he has gone to the opposite extreme in avoiding 


the premature diagnoses of Roepke. 


Tate 14 CUTANEOUS AND CONJUNCTIVAL TUBERCULIN REACTIONS IN 81 Far 
ADVANCED CASES 


No. of Skin No. of Conjunctival 
Reactions. Reactions. 
Strength of 1 5 20 1 2 54 
Tuberculin. 
2 
Slight. 1 
Good general condition 1 
cases, 
3 1 
| 1 2 2 
0 3 6 
Slight. 
Fair general condition, 6 6 
— 2 7 5 i 
+ 1 7 3 
( 0 32 15 4 19 3 5 
Slight. ‘4 4 7 
Bad general condition, + 15 13 
2 5 4 


* In the group in bad condition only 583 patients received the 1¢ eye instillation. 
The number of our patients with tubercle bacilli in their sputum is 
too small to allow us to draw any final conclusions, but such as they are 
hy no means sustain Wolff-Eisner’s views. 


(see Tables 8 and 9) they 
There is, however, another way of looking at the prognostic value of 
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these tuberculin reactions. The disease may be early but progressing, 
it may be advanced but stationary. This is how Wolff-Eisner explains 
the negative reactions in the incipient group and the positive reactions 
in the advanced group. It is evident that, after all, this is the just way 
of considering the matter, for we know clinically that many patients in 
the advanced group with arrested lesions have much better prospects of 
living indefinitely than patients in the early stage with actively progress- 
ing lesions. In other words, the conjunctival and cutaneous reactions are 
to give us information, not so much about the stage of the disease as 
about the status of the fight between the individual and the disease. Un- 
til our cases have been observed for a longer period this point can not be 
decided, but some of the most severe reactions that we have witnessed 
were in the advanced cases which have since then rapidly progressed. Of 
course, In an ambulant clinic we rarely come in contact with moribund 
patients, and if one occasionally does make a visit he is not in condition 
to return the following day to have his eyes and arms examined. Many 
of our patients, however, are quite ill and have fever and sweats and 
‘ther symptoms of advancing disease. It is notorious that moribund 
patients seldom react to tuberculin given in any way, and had we in- 
cluded a large number of moribund patients in our far-advanced class 
perhaps our figures would have been somewhat lower. Our far-advanced 
class does not give quite as many reactions as the moderately advanced. 


TABLE 15.—DaTa or TABLES 12, 13, AND 14 CONDENSED AND STATED IN FORM oF 
PERCENTAGES 


Per Cent. of Conjunctival 


Per Cent. of Skin Reactions. Reactions. 

Strength of ) 

Tuberculin. 1 5 
Degree of Nega-| Posi- 
Reaction. + > + tive. tive. 

Good general con- 

tion.... 3652 11 0 (1335) 36 15 817 32 4 16 18 15 SD 
Fair general con- 

dition... 49 (1255 28 5 634 33 27 «33.30 24 13 “ | 
Bad general con- 

dition. i341 6 |22/42) 31 5 | 635) 33 | 26 31/23) 16 12 


By grouping our patients according to their general appearance and 
the state of their nutrition we thought some evidence might be gained 
on this question. This gauge we know is a rough one. But as a general 
thing patients that are progressing satisfactorily show it in their ap 
pearance; just as in a general way there will be more favorable prog- 


noses among early lesions than among advanced—and_ proportionately 


i 

ia 

‘| 
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more cases to improve—so we find most of the patients in the incipient 
class in good general condition and most of the advanced in bad condi- 
tion. Tables 12, 13, 14 and 15 give these results. There is distinctly a 
larger proportion of reactions among the patients in fair and bad general 
condition to the 1 per cent. skin test than among those in good condi- 
tion, and about an equal proportion of eye reactions. There is even a 
larger percentage of severe eye reactions in the groups in fair and bad 
condition, although the severe skin reactions are higher in the class in 
good condition. The differences, however, are not large. Among the 
moderately advanced cases the number of patients is about equally dis- 
tributed in the three groups (Table 13). There are more negative skin 
reactions in the good and fair classes than in the bad, although there 
are more severe reactions in the good. There are, however, more con- 
junctival reactions and more severe conjunctival reactions in the group 
in bad condition than in the group in good condition."® 
SECONDARY CONJUNCTIVAL AND CUTANEOUS REACTIONS 

It is now well known that patients who have had a conjunctival or a 
skin tuberculin test exhibit a marked tendency for these areas to flare 
up on subsequent subcutaneous injection of tuberculin. Such flare-ups 
may occur even when the primary application caused no reaction. In 
Table 11 the frequency of this phenomenon is shown and the time that 
had elapsed between the conjunctival instillation and the administra- 
tion of the last subeutaneous injection. Considering the doubtful reac- 
tions negative, we have in 48 cases 14 negative and 34 positive reactions. 
In the 14 negative cases no patient showed a flare-up of either con- 
junctiva or skin, although all received at least 5 mg. of tuberculin sub- 
cutaneously. Three of the patients gave positive eye reactions and all 
but one positive skin reactions. 

In the 34 positive cases, 8 patients gave both conjunctival and skin 
flare-ups, 3 only conjunctival and 1 only skin. In the patients giving 
both, the conjunctival recurrence was nearly always more severe than 
the cutaneous. Of the 11 patients with conjunctival flare-up, 7 had 
previously given a conjunctival reaction and 4 had not. Of the 9 pa- 
tients with cutaneous recurrence all had previously shown definite reac- 
tions, although in a few instances the recurring reaction was more 


15. It is to be emphasized that these results speak neither against nor for 
Wolff-Eisner’s hypothesis that tuberculin hypersensitiveness is a measure of 
tuberculosis resistance. There are many facts that speak against so simple an in 
terpretation, but granting that Wolff-Eisner is correct, then our results indicate 
simply that the conjunctiva is an unreliable index of general tuberculin hyper- 


sensitiveness, 
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severe than the original. It is a noteworthy feature in the recurring 
skin reactions that the area of injection tends to be much wider than in 
the original reaction, while the infiltration is, as a rule, less marked. 
In several instances the 1 per cent. which had failed to show a reaction 
on the original application flared up during the constitutional reaction. 
We have no way of explaining why these secondary reactions occur in 
one instance and remain absent in another. The general condition of 
the patient, the extent of the lesion, the intensity of the original con- 
junctival or cutaneous reaction or the severity of the constitutional 
reaction seem to have no relation with it. The recurrence comes always 
after the dose liberating a general reaction. Although this general 
reaction need not be severe, a question of great scientific interest is 
whether these flare-ups following subcutaneous injections when the 
original instillation had been negative can ever occur in non-tuberculous 
individuals. We have ourselves observed them only in patients reacting 
to subcutaneous injections and have been unable to cause their appear- 
ance in healthy rabbits by injecting either small or large doses of tuber- 
culin subcutaneously, even after the undiluted tuberculin had been 
dropped into the conjunctival sac. 
THE DIFFERENTIAL CUTANEOUS REACTION 

Detre’® has described a so-called differential cutaneous reaction. This, 
in brief, consists in performing von Pirquet’s test by the simultaneous 
application, in series, of human old tuberculin and of human and bovine 
bouillon filtrates. ‘Then measuring the resulting reactions in millime- 
ters, he believes himself able to draw reliable conclusions as to whether 
the patient has been infected with the bacillus of the human or bovin« 
tvpe, and as to whether the disease at the time of the test is active or 
latent. His theoretical premises are that a person infected with the 
human type of organism will react more strongly to the human filtrate 
than to the bovine, and vice versa. Ile also supposes that a patient 
exhibiting active signs of disease will vield a papule to the filtrate larger 
than or as large as the papule produced by the old tuberculin, and that 
the inverse relation will be found in patients with a non-progressive 
lesion. He thus differentiates acute and chronic human and_ bovine 
types and mixed types. That the human type may give a predominant 
and not necessarily an exclusive human reaction he attributes to some 
common properties of the bovine and human organisms. The predomi 
nant reaction to the filtrate in active cases he explains by the presence 


16. Wien. klin. Webnschr., 1908, xxi, 173 
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in the filtrates of a thermolabile toxin which is destroyed in the process 
of concentrating by heat the old tuberculin. To this toxin the body, 
according to him, is quickly sensitized during the process of a lesion, 
and with its arrest “autoimmunization” to this toxin occurs. Auto- 
immunization to the protein bodies of the old tuberculin he considers a 
rarer and more difficult occurrence. 

Whatever is to be said as to the theoretical basis of Detre’s work, 
we can not agree to the results obtained by him. Not only does our 
work strongly contradict his results, but we find, both in the nature of 
the phenomena and in his technic, serious objections to his procedure, 
and still more serious objections to his drawing conclusions therefrom. 
The whole structure of Detre’s data and conclusions rests on the meas- 
urement of the diameter of the cutaneous reaction consequent on an 
abrasion by the boring method of von Pirquet. In looking over his 
tables, it can be seen that some of his cases are assigned their respective 
positions in the classification on the basis of a difference of only one or 
several millimeters in the diameter of the papule. Our own experience 
with the skin test makes us feel skeptical as to conclusions built on 
such minute differences as these. And the work of Schiitz and Videky"* 
strongly confirms us in our attitude. These authors, by careful meas- 
urements, by the application in series of tuberculins of varying strengths, 
by the application of the same solution in various parts of the body, 
have shown that the greatest variation in the size of the papules may 
result from no determinate factor. Using the same solution for several 
abrasions, they find large variation in the diameter of the papule— 
fully as large as the differences on which Detre stakes so much. In study- 
ing dilutions of various strengths, they find the same disappointing 
irregularity. In brief, they conclude that the difficulties in technic 
combined with the varied reactive and absorptive power of the different 
areas of skin make it impossible to use the size of the papule as a basis 
of anything respectable in inference. Von Pirquet,’* too, states that 
variations below 50 per cent. in the diameter of a papule may be due to 
unavoidable differences in technic. Moreover, Schiitz and Videky point 
out the great importance of remembering the various periods at which 
papules (even when due to the same tuberculin) reach their maximum. 
Assuming even that Detre’s technic is all that we can not expect it to 
be. he has entirely neglected the time relations in deciding which is the 
predominant papule. What is the predominant papule to-day may not 


preserve that distinction to-morrow. 


17. Wien. klin. Webnsechr., 1908, xxi, 1285. 
18. Wien. klin, Wehnsechr., 1908, xxi, S61. 
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We report, however, 150 cases in which tests were given somewhat 
according to his procedure. On the forearm four solutions were used 
in the following order: human O.T., bovine O.T., human bouillon fil- 
trate, bovine bouillon filtrate, all undiluted. Borrowing Detre’s nomen- 
clature, the following classification is convenient: 

Group 1.—The H. O. T. papule positive, the others slight or negative 
(old human lesion). 

Group 2.—The H.O.T. more marked than the H.B.F. (old human 
lesion). 

Group 3.—The H.B.F. more marked than the H.O.T. (active human 
lesion). 


TABLe 16.—-RESULTS IN 150 CASES WITH Derrke’s DIFFRRENTIAL CUTANEOUS TEST 


Mod. Far 
Advanced Advanced 
Non-tu- | Cases. Cases. 
berculous Doubtful | Probable — : Total 
Group | 34 6 3 1 10 3 5 62 
Group 2 5 1 1 2 2 il 
Group 3 4 
Giroup 4 1 1 
Group 5 0 
Group 6 1 1 4 as 4 
Group 7 3 
Total. 92 9 5 21 4 1 150 


Group 4.—The B.O.T. and the B.B.F. positive, but the B.O.T. the 
more so. The others slight or negative (old bovine lesion). 

Group 5.—Same as 4, but the B.B.F. more marked than the B.O.T. 
(active bovine lesion). 

Group 6.—The H.O.T. and the B.O.T. equal and more intense than 
the H.B.F. and the B.B.F. (old mixed lesion). 

Group 7.—The H.B.F. and the B.B.F. equal, but more intense than 
the H.O.T. and the B.O.T. (active mixed lesion). 

Group 8.—All the papules approximately alike. 

Table 16 shows the distribution of 150 cases in these 8 groups. 

Groups 1, 2 and 3 would comprise, according to Detre, the human 
infection, equaling 54 per cent. of our cases. 


| 
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Groups 4 and 5, comprising the bovine infection, contain together 
only one case, that is, 0.6 per cent. of our cases. 

Groups 6, 7 and 8 embrace the mixed infection, 46 per cent. of our 
cases, 

Detre’s figures for his pulmonary cases are: 

72 per cent. as compared with our 54 per cent. human. 
19 per cent. as compared with our 46 per cent. mixed. 
9 per cent. as compared with our 0.6 per cent, bovine. 

Our results, as contrasted with his, point to the rarity with which 
the bovine papule predominates and to the frequency with which the 
bovine and the human papules are approximately alike. 

Groups 3, 5 and 7 comprise all the active cases, according to Detre’s 
conception—active human, active bovine, and active mixed. 

Together these groups hold 9 per cent. of our cases. Group 5, active 
bovine, has not a single case. The active human group has 9 cases; the 
active mixed groups, 5 cases. Detre, in 57 cases, has 45 per cent. in the 
active group. Analyzed further, of our 47 advanced cases, 16 per cent. 
(7) are in the active group. Of our 107 early cases (embracing doubt- 
ful, probable and incipient cases), 6.5 per cent. (7) are in the active 
group. That is the group of cases in which he would expect to find the 
largest number of active reactions yields a smaller number than the 
advanced cases. Detre finds that of his cases with a lesion more than 
two years old 23 per cent. are in the active group; of cases with lesions 
less than two years old 82 per cent. are in the active group. The num- 
ber of his cases is scarcely one-third of those in the above table. It will 
be noted that the great bulk of our 150 cases, 124 in fact, fall into 
Groups 1, 6 and 8—groups in which the old tuberculin has produced a 
papule larger or as large as the filtrates. It is also seen that the human 
Q.T. tends to produce the larger papule. 

These findings are in harmony with the results obtained in 150 of 
our cases other than the above, in which the human and the bovine old 
tuberculin were alone compared. The observation of these 150 cases 
was made before Detre’s investigation came under our notice. It was 
undertaken in the hope of eliciting some therapeutic hints as regards 
the treatment of our patients which were not doing well on subcutaneous 
injections of human O.T. In only one of these 150 cases was the bovine 
reaction stronger than the human. In only 23 cases was the bovine reac- 
tion materially less than the human; in other words, the human and 
bovine old tuberculin tend to produce about the same sized papule. In 
all our readings we attempted no unjustifiable finesse or even measure- 


ments by rule. We decided predominance of a papule by its manifest 


LOUIS HAMMAN—SAMUEL WOLMAN 343 


superiority over the rest. Lesser differences in either direction were 
ignored, for reasons above stated. 

Our results indicate that if Detre’s method is reliable pure bovine 
infection is rare with us, while mixed infection is surprisingly frequent 
and pure human infection surprisingly low. As regards activity, our 
results would indicate that the activity fails to exist where it ought to 
be. But we have little confidence in the method. All that the work 
seems to show is that the filtrate produces weaker reactions than the 
O.T.—a result opposed to Detre’s. 

In order to have made our tables strictly comparable to Detre’s in 
regard to the question of activity and chronicity we should have used 
20 per cent. O.T. instead of undiluted O.T. We have previously found, 
however, that the 20 per cent. O.T. yields practically the same papule 
as concentrated O.T. We must bear in mind also the work of Sehiitz 
and Videky. But, even assuming that 20 per cent. solution gives onl) 
a proportionate papule, we should expect, if Detre’s statement as to the 
frequent predominance of the filtrate papule is true, that more than 9 
per cent. of our total cases should show an active reaction. 

There are not enough data at the present time to permit an estimate 
of the general opinion of workers with the differential cutaneous reac 
tion. Hamill, Carpenter and Cope’ have published but 24 cases. The 
strongest support to Detre’s results is from Heim and John.’® Von 
Gebhardt®" finds that he can not confirm Detre’s observation of the 
tendency of the filtrate papule to be as distinct as and even more dis- 
tinet than the old tuberculin papule. He finds the latter nearly always 
predominant; in fact, according to him, the remaining papules show 
little tendency to appear at all, unless the O.T. papule is quite strong. 
Kentzler** finds the H.O.T. papule by far the most marked. Sehiit 


and Videky, as has been stated, think the whole scheme illusory. 


CRITICAL REVIEW OF TIE VALUE OF THE CUTANEOUS AND THI 
CONJUNCTIVAL TESTS 
In a previous article? we have dwelt on the limitations of the sub- 

cutaneous tuberculin test as a means of diagnosing pulmonary tubercu- 
losis. So many healthy people have slight tuberculous foci somewhere 
in their body, and so many healthy people react to tuberculin, that th 
method gives positive clinical results only when there are present deti- 
nite signs of a focal reaction. It is, then, desirable that there should by 

19. Heim and John: Wien. klin. Wehnsehr., 1908, xxi, 253. 

20. Von Gebhardt: Ztschr. f. Tuberk., 1908, xii, 345. 

21. Kentzler: Wien, klin. Welnschr., 1908, xxi, 14. 
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some method of applying tuberculin which will elicit a reaction only 
in individuals with active disease. Knowing what we do about the 
relation of tuberculous infection to tuberculin hypersensitiveness, we 
can not hope that such an ideal method will ever be developed. Tuber- 
culous infection does not mean that an individual has tuberculous dis- 
ease, in the ordinary acceptance of the term “disease,” for the behavior 
of the invading organism and the reaction of the besieged individual 
are so varied and so uncertain. It would seem impossible that tuber- 
culin can ever give us unequivocal clinical information, and we have no 
right to demand it. A reaction simply means that the organism has de- 
veloped a responsive activity to tuberculous infection, and it remains for 
experience to teach what relation this response bears to the activity and 
extent of the lesion. All tuberculin tests must, then, necessarily give 
clinically but relative results, and we feel that this relativeness must be 
thoroughly emphasized before any reasonable discussion can be had on 
their value. 

In adults the cutaneous reaction has al] of the disadvantages of the 
subcutaneous method and none of its advantages. The number of reac- 
tions in healthy individuals is just as high, and it never gives us in- 
formation about the seat and extent of the lesion as do the focal reac- 
tions which frequently follow the subcutaneous test. Although the two 
do not run absolutely parallel, they nearly approach such correspond- 
ence, and a failure to react to either is of about equal significance, with, 
however, something in favor of the subcutaneous test. This want of 
reacting power means with the highest degree of probability the absence 
of tuberculous infection, a healed focus, or an overwhelming of the body 
by the infection, breaking down all defensive response. This latter 
group is, as a rule, easily recognized clinically. With the doubtful ex- 
ception to which we have referred, we have never observed a definitely 
tuberculous patient fail to react to subcutaneous injections. We have 
never given tuberculin subcutaneously for diagnosis to patients in far- 
advanced cases. It is, however, well known that some of these do not 
react. Rarely a patient with tubercle bacilli in the sputum will fail to 
react to the skin test. Certainly there must be a great variation in the 
reacting power of different skins, and our present rough methods do not 
give uniform results, as von Pirquet®* and Schiitz and Videky?* have so 
very strikingly shown. This might account for such occasional dis- 
erepancies. Attempts to get more accurate results by varying the 


22. Von Pirquet: Verlauf der Allergie bei einen Falle von Masern und Mil- 


liar Tuberkulose. Wien. klin. Wehnschr., 1908, xxi, 861. 
23. Seniitz and Videky: Wien. klin. Wehnschr., 1908, xxi, 1285. 
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strength of tuberculin applied to the skin have been futile. A dilution 
to 1 per cent. gives fewer reactions among the healthy and doubtful 
patients, but fails utterly in the definitely tuberculous. A dilution to 5 
per cent. is almost as unsatisfactory (see Table 7). 

Our figures refer almost entirely to adults. In infants the cutaneous 
reaction has a much greater diagnostic value, decreasing in direct pro- 
portion to the age of the child. Von Pirquet’s** table shows that 36 
per cent. of children clinically not tuberculous from 5 to 8 years of age 
react. Only 4 per cent. react in the second half of the first year. 

In reviewing the results obtained with the conjunctival test, the 
striking feature is the more favorable numerical results among the 
healthy or clinically non-tuberculous individuals, only 6 per cent. of the 
non-tuberculous patients reacting and only 25 per cent. of the doubtful. 
But 70 per cent. of the tuberculous react, however. Here we have condi- 
tions just the reverse to those of the cutaneous test. Instead of doing 
too much and showing so large a number of reactions among the non- 
tuberculous, the conjunctival test does too little and fails to give a reac- 
tion in many tuberculous cases. Of great interest is the comparison of 
the results in the different classes. It is important to repeat that the 
figures of Wolff-Eisner do not agree with ours, nor do those of von 
Muller,?> Verdes*® and many others, but those of Roepke and of Bald- 
win* do. Accepting our own figures, it appears evident that up to a 
certain degree the extent and the duration of the disease have a marked 
influence on the occurrence and severity of the reaction, and this influ- 
ence is even greater than that of the patient's resistance, judged by such 
a rough measure as his general physical condition. 

We feel that it would serve no purpose to quote a large series of 
figures from a large number of observers and point out how they agree 
with or differ from ours. Such compilations have been made frequently 
enough** and, besides, we doubt the value of these figures because they 
have mostly been gathered in an altogether indiscriminate way. There 
is usually, in the first place, entirely too little said about the character 


24. Von Pirquet: Wien. med. Wehnschr., 1907, No. 28. 

25. Ber. der Tuberk. Aerzte Versamml. Miinchen, 1908. Centralbl, f, Tuberk., 
1908, ii, 444. 

26. Cit. Centralbl. f. Tuberk., 1908, ii, 397. 

27. Internat. Tubere. Cong., Washington, D. C., 1908: uncorrected leaflet. 

28. See for literature, Smithies (F.) and Walker (R. E.): Conjunctivel 
tuberculin reaction as a means of diagnosis and control. Jour. Am. Med. Assn., 
1909, lii, 25; also Engelbach (W.) and Shankland (J. W.): Diagnostic value of 
the cutaneous and conjunctival tuberculin reactions. Jour. Am. Med. Assn., 1909, 
lii, 37. 
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of the material used and on what data the diagnosis rests. Knowing 
how large individual differences in diagnosis may be, we believe that 
this is an important matter. Of much greater significance, however, is 
the absolute lack of uniformity in the method of performing the test. 
Some use old tuberculin, others purified tuberculin, and dilutions range 
from 10 per cent. to 0.01 per cent. Mitulescu has estimated that a 1 
to 10,000 solution of Hoechst’s purified tuberculin is equal to a 1 to 
1,000 solution of the Pasteur tuberculin or to a 1 to 250 solution of 
Calmette’s tuberculin, and it has been shown that old tuberculin is still 
less potent than Calmette’s. Some observers make a single instillation, 
others make a second instillation in the opposite eye, still others repeated 
instillations in the same eye, and some fail to tell in just what way they 
did proceed, as though the strength of the solution were the only factor 
of importance. 

From our experience we are fully convinced that both the con- 
junctival and the cutaneous tests have an important place in the diag- 
nosis of pulmonary tuberculosis. This value is enhanced by using the 
two tests together. When a patient fails to react to either test and there 
are no striking symptoms or physical signs of pulmonary disease, we feel 
that our negative diagnosis has received a valuable confirmation. If 
the eve is positive we feel that this is a strong indication that the patient 
has some active tuberculous focus: if symptoms and signs are present 
it is an important aid in excluding other pulmonary conditions; if 
they are absent it marks the patient as a suspect, and we should exhaust 
every means of investigation before sending him off with a negative 
diagnosis. It is these patients that we make an effort to observe and 
re-examine at stated intervals so that any change in their condition may 
he early noted. Certainly many of them never become manifestly tuber- 
culous and they may remain well indefinitely, but we feel that thev are 
at the time of reacting, in danger. No doubt there are others in even 
greater danger who fail to react, but as vet we have no method of dis- 
covering these, and we need not be less eager to help those that do. 
We feel that such a reaction is an important indication for treatment in 
a doubtful ease. It is something definite about which we may focus 
more persistently, and more positively than we would otherwise do, 
hygienic changes in a patient’s life that we are sanguine enough to be- 
lieve may, in at least some instances, prevent the outcome which we 
fear. If the skin reaction is positive and the conjunctival negative we 
are thrown back unaided on our other clinical resources. 

It should be fully emphasized that none of these tests can replace 


in the slightest degree a carefully taken history and a well-made exam- 
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ination. They can never stand censor over these; rather their value 
must ultimately be judged by them. They are aids and nothing more 
They have been particularly serviceable to us in a busy clinic where 
many men are working and the individual patient can not always re- 
ceive the prolonged and careful study he deserves. The absence of either 
skin or conjunctival reaction has in some cases incited us to the more 
careful observation that has led to reversal of an opinion too hastily 
given, and an unexpected conjunctival reaction to reaching a correct 
and early diagnosis. 

Granting that the conjunctival reaction has the value we ascribe to 
it, it is of great importance to decide if such value is sufficient to justify 
its use in the face of the objections that are raised against it. In at 
least 1,500 instillations we have had but one untoward result, the patient 
developing phlyctenular conjunctivitis which subsequently completely) 
healed. It might be objected that after receiving the tests many of our 
patients never return and that there may have been some accidents of 
which we have no knowledge. While this possibility must be allowed, 
we consider it highly improbable. It seems reasonable to presume that 
had any severe eve symptoms later developed the patients would hav 
returned for observation, and they could not have gone to the eve clinic 
without being transferred by us. One is, however, obliged to consider 
with respect the many reports of severe and recurring conjunctival 
inflammations, of phivetenular conjunctivitis and of corneal ulcers with 
permanent opacities. Some observers have had such accidents fre- 
quently, while others, and notably those who have used the test most, 
sav they have seen no ill effects. It is important that many ophthal 
mologists take a stand against the test. Why results should be so di- 
vergent it is difficult to explain. Most of the unfavorable results hav: 
followed instillations in already diseased eves or of too strong solutions, 
but this is not true of all the cases. Two of Schrumpf’s** patients de- 
veloped corneal ulcers after an instillation of 1 per cent. old tuberculin. 
Both were over sixty vears of age. There are certain precautions that 
must be followed in making the test, and when these are observed acci- 
dents will be fewer. For at least the first instillation only a weak 
solution should be used, not over 1 per cent. old tuberculin, and we 
should think less than 0.5 per cent. of the precipitated tuberculin, al- 
though we have had very limited experience with the latter. The eves 
should always be carefully inspected before the instillation is made. and 


29. Schrumpf: Ueber gefiihrliche Folgen der Calmetteschen Ophthalmorea 
tien, Miinchen. med. Wehnschr., 1908, Ix, 2225. 
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the least abnormality regarded as a contraindication. A second instil- 
lation should never be made in the same eye. Considering the tendency 
of old people to conjunctival inflammation, and particularly to corneal 
ulceration, it were probably better to exclude these from the test. We 
think that our experience justifies us in continuing to use the con- 
junctival test after the method we have outlined and with the precau- 
tions indicated. This we have done since these data were compiled and 
have never had another untoward result. 

A second objection is that a conjunctival instillation, whether there 
be a reaction or not, often renders subsequent administration of tuber- 
culin subcutaneously for diagnosis or treatmeent, if not dangerous, at 
least unpleasant. At times a recurring reaction comes on after the 
dose given is not large enough to liberate a general reaction. This sec- 
ondary reaction not only may be more severe than the first, but may 
be severe even though absent after the instillation. It is said that under 
tuberculin treatment constant recurrences may make injections very 
discomforting. Such manifestations during treatment, however, must 
be very uncommon. In a large number of cases we have never observed 
them. It is the diagnostic injections that are particularly influenced, 
and our tables show to what extent these recurrences follow. In only 
two instances were the conjunctival inflammations at all severe. If we 
feel that it is advisable to give subcutaneous injections to obtain a focal 
reaction, we believe a previous conjunctival instillation need not deter 
us. In our cases all such recurring reactions have promptly and satis- 
factorily subsided. It would be better, of course, to omit the conjunc- 
tival test in cases of patients to whom we wish to give tuberculin sub- 
cutaneously. 

A word in regard to the method: ‘What we aim to have is a dilution 
that is safe to use and still strong enough to give results worth having. 
We should certainly hesitate to put a stronger solution than 1 per cent. 
old tuberculin in the conjunctiva at the first instillation. Perhaps it 
will prove to be better to begin with a still weaker solution, but in our 
hands the 1 per cent. has proved safe and satisfactory. If a patient fails 
to react to this instillation we have some clue as to his tolerance for 
tuberculin and can then proceed to use a stronger solution in the other 
eye. What strength second solution shall finally be used remains to be 
determined. We have taken the upper limit of what we consider safety 
so as to get the largest number of definite reactions. We shall not use 
stronger solutions than 5 per cent. and we may with more experience 
come to use weaker. It is, indeed, a question open to discussion if much 
is gained by giving the second instillation. We feel that it is important 
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and point to our tables for demonstration. We use the old tuberculin 
instead of the precipitated tuberculin because it is more convenient and 
just as satisfactory. It has been claimed, too, that it is much more 
uniform in strength than the precipitated tuberculin.*® Apparently 
slight differences in the method of preparation — for instance, in the 
length of time the alcohol is allowed to act on the tuberculin — give 
wilely different results. 
CONCLUSIONS 


1. In adults the cutaneous tuberculin test is of value in diagnosis 
only when it is negative. 

2. The frequency of its occurrence runs roughly parallel with that 
of the subcutaneous test. 

3. The conjunctival test is of value principally on the positive side, 
a definite reaction indicating the presence of an active tuberculous 
lesion. 

4. The most satisfactory results are obtained by using the two tests 
simultaneously. Both being negative speaks for the absence of any active 
tuberculous focus; both being positive, for its presence; the conjunc- 
tival negative and the cutaneous positive is no information of value. 

5. We can not admit that the conjunctival or cutaneous reactions 
have any prognostic value. 

6. The same conjunctiva should never receive a second instillation. 
The reaction so obtained is valueless for diagnosis and the procedure 
not without danger. 

7. We believe that with proper precaution the conjunctival test may 
be used without danger of permanent injury to the eye. 

8. We have been unable to confirm in any particular the claims Detre 
makes for his differential cutaneous reaction. 


21 West Franklin Street. 
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BUCKWHEAT-POLISONING 
WITH REPORT OF A CASE IN MAN * 


HENRY LEE SMITH, M.D. 
BALTIMORE 


Buckwheat-poisoning, or “fagopyrismus,”' may be defined as a dis- 
ease which occurs in certain white or white-spotted animals that have 
been fed on the common buckwheat, Fagopyrum esculentum (Polygqo- 
num fagopyrum) or on the other species less frequently cultivated, 
Fagopyrum persicaria. Clinically, the milder forms of the disorder are 
associated with an itching erythema, situated mainly on the head and 
face, constipation and digestive disturbance, the more serious cases being 
attended by cutaneous, respiratory, febrile or urinary phenomena. 
Pathologically, there may be a vesicular, pustular, phlegmonous, or even 
gangrenous dermatitis, and inflammatory changes in the mucous mem- 


branes, the brain, nerves and lungs. 


CAUSES 

The etiology of fagopyrismus presents several features which deserve 
careful consideration. The disease is most common in swine and sheep, 
especially in pigs and lambs. It is occasionally seen in cattle and goats, 
and is rarest in the horse. White or spotted animals are said to be 
exclusively affected. Those that are black or artifieially blackened 
escape the disease, and, curiously enough, the pigmented parts of the 
skin in diseased white-spotted animals remain normal. 

The worst cases of buckwheat-poisoning are seen in animals that 
have been fed on the buckwheat plant while in bloom, but the malady 
may develop after the eating of the grains, bran, chaff, straw or stubble. 
In winter the disease manifests itself merely by burning and itching of 


“Read before the Johns Hopkins Hospital Medical Society, February 1, 1909. 

|. Fagopyrismus is derived from the Latin fagus, beech; the Greek pyros, 
Wheat, and the Latin suflix, ismus, a condition. Buckwheat is so named because 
of the resemblance in shape of its seeds to the triangular beech-nuts; hence the 
common name buckwheat and the botanical name “fagopyrum,” both of which 
signify etymologically “beech-wheat.” Beech and buck have the same root (ef. 
Cer. buche, beech: buch, buck—buchueizen, buckwheat ; Anglo-Saxon bok. beech, 
buck; bokwete, beech wheat, buckwheat). The buckwheat plant belongs to the 
erder of Polygonacea (polys, many and gony, knee). Fagopyrum esculentum 
edible buckwheat) is the species most widely cultivated, 


HENRY LEE SMITH 351 


the skin. Some years it is more prevalent and severe than others. Lo- 
cality seems to bear a causal relation. Sunlight is an important con- 
tributing factor, it having been generally observed that animals fat- 
tened on buckwheat under shelter or cloudy skies acquire the malady 
very rarely, and then in the milder form. 

The immediate cause is unknown. Dammann* asserts that fago- 
pyrismus is primarily a local disorder of the unpigmented skin, due to 
the disturbing action of fungi that live on buckwheat, or that it is 
caused by the poisonous products of these parasites. In support of this 
theory, he points out the readiness with which the exposed parts of ani- 
mals may become infected by actual contact with the food during the 
act of feeding. Schindelka*® believes that the disease arises from the 
intestinal absorption of toxic substances which are generated in’ buck- 
wheat either as a result of bacterial change, or because of peculiar tel- 
luric conditions. He argues that these bodies become active only under 
the chemical influence of the sun’s rays, and provided there is no pig- 
ment lining to act as a barrier. 

In view of the causative relation of sunlight to the development of 
buckwheat-poisoning, it is of importance to note the recent work of 
Hausmann,* who, in a preliminary report on the “Sensitizing Action of 
Animal Pigments and Its Physiologic Significance.” announces that bile 
possesses marked photodynamic power. He had previously shown that, 
under the influence of light, rapid hemolysis occurs when the extracts of 
chlorophyl plants are added to red corpuscles and that, on the other 
hand, no hemolytic action takes place if a similar mixture is kept in the 
dark. Experimenting with animal substances, he has found that prompt 
hemolysis results when bile is allowed to act on red cells in the presence 
of light. Control tests. in the absence of light, proved negative. Hem- 
atoporphyrin, he tells us, has ever? greater sensitizing properties. when 
activated by light, than bile itself. Hausmann also calls attention t 
the great resemblance of this photodynamic power of the extracts of 
chlorophyl plants to the photosynthetic assimilation processes of green 
plants as they occur in Nature. He also refers to the genetic relation- 
ship between hematoporphyrin and chlorophy). In comparing their 
similarity, [ have been struck with the fact that phyloporphyrin, a 
derivative of chlorophyl, not only closely resembles in structure the 
hematin derivatives, hematoporphyrin and mesoporphyrin, but that. it 


2. Hutyra and Marek: Spezielle Pathologie und Therapie der Haustiere, 
1906, ii, 828. 
3. Hausmann: Die sensibilisierende Wirkung tierischer Farbstoffe und ihre 
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shows almost the identical absorption spectrum which is characteristic 
of these two hematin derivatives. And, further, it is of great interest 
to note that when phyloporphyrin and hematin are submitted to re- 
duction with concentrated hydriodic acid both yield hemopyrrol, and 
that hemopyrrol is converted into hydrobilirubin by the action of sun- 
light. 

The accompanying diagram brings out more clearly these points of 
resemblance.* 

Hausmann® is of the opinion that we have much to learn regarding 
the causative relation of the sensitizing coloring materials of our bodies 
to normal and abnormal processes. He suggests as not improbable the 
sensitizing action of bacterial products, and the possibility that certain 
skin diseases are caused either by an excess or insufficiency of the sensi- 
tizer. This theory gives the hint that fagopyrismus may be due to the 
photodynamic power of some substance which becomes a sensitizer by 
virtue of the specific action of the sun’s rays, and that the transforma- 
tion takes place while it is slowly passing through the peripheral blood 
streams of animals having little or no cutaneous pigment; and, further, 
it may be assumed that this substance remains inert and harmless in the 
bodies of the black animals, because of the failure of the sunlight to 
activate it through dense pigment. 


SYMPTOMS 


In the milder form of buckwheat-poisoning in animals an erythema- 
tous rash occurs which is situated on the head and face, especially on 
the ears and eyelids. It may extend to the throat or manifest itself in 
any unpigmented part of the skin. There is more or less swelling and 
intense itching. The erythema is followed by a brownish desquamation 
and later by more or less pigmentation. The severer cases occur during 
spring and summer. The eruption may be vesicular in type—the so- 
called sheep-pock. The vesicles vary in size from a lentil to large blebs, 
which on rupture exude a clear straw-colored fluid. Crust formation 
follows, and there is finally slight pigmentation. The skin is hot and 
swollen. The itching is apparently intolerable. The swelling may be so 
marked as to cause the eyelids to close and the ears to hang down. 
There are other cases which are characterized by a pustular or a phleg- 
monous dermatitis (the head-erysipelas of sheep) or even a gangrenous 


4. Hematin, the prosthetic group of oxy-hemoglobin, is easily converted into 
hematoporphyrin, which latter shows a characteristic absorption spectrum. (The 
older and probably incorrect formulas are used, since they bring out the relations 
in a clearer manner. ) 


RELATIONS BETWEEN PHYLOPORPHYRIN AND HEMATIN 
AND ITS DERIVATIVES. 
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Ly treatment of acet-hemin with hydriodic acid and phosphonum liodid, Nencki and 
Zaleski obtained mesoporphyrin, a substance having the composition represented by 
the formula CygHyN.O. and giving an absorption spectrum closely resembling that of 
hematoporphyrin but somewhat nearer the violet end 

By treatment of chlorophyl with alkalies phyloporphyrin is obtained, which has a 
chemical composition represented by the formula Cy,HisN.O and which shows the same 
characteristic absorption spectrum as the two hematin derivatives but still nearer the 
violet end of the spectrum. 

By oxidation of either phyloporphyrin or hematin Kuster obtained two crystalline 
substances which he called hematinic acids and which were shown to be derivatives 
ot pyrrol. 

When submitted to reduction with concentrated hydriodic acid both phyloporphyrin 
and hematin yield hemopyrrol. 

Hemopyrrol is converted into hydrobilirubin by the action of sunlight, and by suit 
able treatment both hematin and bilirubin can be made to yield the same substance 

The crystalline substance hematoldin, found in old blood clots, and surely derived 
from hematin, has been shown to be identical with bilirubin 

Like phyloporphyrin and hematin, bilirubin also yields the hematinic acids on 
oxidation 
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form. Conjunctivitis, stomatitis, laryngitis and bronchitis more or less 
proportionate to the various skin lesions have been observed. ‘The ani- 
mals grow restless, wander aimlessly about and rub their bodies against 
hard objects. There are anorexia, retching, fever, dyspnea, cough, con- 
stipation, at times acute gastrointestinal disturbances and in some in- 
stances strangury. The group of cases showing marked disturbance of 
the nervous system may or may not be associated with skin lesions. 
Rabe® reports epileptiform seizures in swine and horses without any skin 
disorder. Some of the animals become maniacal, cry out and jump and 
run about in a wild, excited manner. Again, others show signs of dis- 
turbance of the central nervous system by one or more of the following 
phenomena: rotatory movements, vertigo, severe cramps of the voluntary 
muscles, tremor of the extremities or lips. There may be the opposite 
picture of depression, stupor, coma or paralysis of the spastic or periph- 
eral tvpe. 

Richter® observed, in a number of swine that had been fattened on 
buckwheat, anorexia, dry stools, strangury, fever and dyspnea. In those 
that died there were found at autopsy inflammation of the mucous 
membrane of the stomach, inflammatory changes in the neck of the 
bladder (in one instance rupture of the viscus) and hyperemia of the 
lungs and brain. 

Fagopyrismus may prove rapidly fatal in the cerebral form, or where 
there is urgent dyspnea due to the edematous narrowing of the air pass- 
ages. Under proper management the symptoms usually subside prompt- 
lv. but tend to recur after ten days or an even longer period if the ani- 
mals are subjected to the blazing sunshine. 

The treatment consists of immediate withdrawal of buckwheat as 
food. shelter from the sun, purgation, and locally the application of 


bandages saturated with cooling antipruritic lotions. 


BUCKWHEAT-POISONING IN) MAN 


| have been unable to find any medical record of buckwheat-poison- 
ing in man, except for the general statement in Gould’s Medical Dic- 
tionary (see “buckwheat™) that the free use of buckwheat tends to con- 
stipation, indigestion, headache and a peculiar roughness and itching of 
the skin. In 1897 von Jakseh? quoted Kobert as his authority for the 


5. Friedeberger and Friéhner’s Veterinary Pathology. Translation by Hayes, 
1908, i, 458. 

6. Frébner: Lehrbuch der Toxicologie fiir Thieriirtze, 1890, p. 213. 

7. Von Jaksch: Die Vergiftungen. Nothnagel’s Spezielle Pathologie und Thea 
apie, 1897, 548. Also Kobert: Lehrbuch der Intoxicationen, Stuttgart, 1893, p 
445 For literature, ibidem, edition 2, 1906, ii, second half, p. 585. 
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statement that no case of buckwheat-poisoning had been reported in 
man. Poisoning has been observed in the human being from eating the 
common beechnut. The symptoms were vomiting, headache, dyspnea, 
spasms of the larynx, similar to those seen in hydrophobia, and uncon- 
sciousness. 

Rakun* reported, in Petersburg, Russia, in 1899, two cases of poison- 
ing, in a woman and her son, who developed restlessness, weakness, rapid 
pulse, dilated pupils, thirst, dryness of the throat and nausea, shortly 
after eating heartily of buckwheat gruel. The buckwheat in question 
had been bought at a neighboring grocery store—only just enough of it 
for the one meal. Rakun, however, went to the store, and, on examin- 
ing that particular buckwheat there, found that it contained large 
quantities of henbane grains. He at once attributed the poisoning to 
the henbane and not to the buckwheat. 


IISTORY OF AUTHOR'S CASE 


The case of fagopyrismus which I have the privilege of reporting is 
that of a man who throughout his life has had a most remarkable hyper- 
susceptibility to buckwheat. He has gray eves and a fair skin. His 
history, which he has been good enough to give me in detail, is of sutfi- 
cient importance, I think, to report in full, practically in his own words. 
He says: 


My first acquaintance with buckwheat dates back to 1863, when, at the age 
of 9 vears, I was taken by the district school teachers to participate in a spelling 
contest. About 10 o'clock in the evening I ate heartily of a supper which was 
prepared at a near-by farm house. Buckwheat cakes were served at the end of 
the meal. When I had eaten a small part of a cake I began to experience great 
discomfort in my throat, gullet and stomach—I felt as if I had swallowed hot 
lead. I at once attributed it to the piece of buckwheat cake because of its strong 
and strange taste to me, having never before eaten of the food. I could not swal 
iow another mouthful of the cake, nor endure the retching caused by what I had 
already eaten. I was obliged to leave the table for the open air. One of the com 
pany followed me out and advised me to seek relief by running my finger down 
my throat. The effort it cost me to dislodge the offending morsel served further 
to distort my features, which had already become grotesque. My eves were blood 
shot, my face was red and swollen, and my lips were knotty with large hives. 

Somewhat frightened by my condition and by the disquieting remarks my ap 
pearance called forth, I decided to go home. I lived on a frontier farm three 
miles distant. The night was very coid, but T tound the zero temperature sooth 
ing to my hot and itching skin, and the long walk in the snow helped me to 
regain my composure. 

On reaching home my mother questioned me closely. She attributed my condi 
tion to violent exercise rather than to something I had eaten, as there had been 


8 Rakun: Otravleni grechnevoi Krupoi. Feldscher, St. Petersburg, 1899, 
ix, 141. A translation of Rakun’s report was kindly obtained for me by Major 
Walter D. MeCaw, Librarian, Surgeon General's Office, Washington, D. C. 
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an intermission of twenty minutes allowed the boys for exercise, and I had been 
particularly active, joining them in wrestling matches and in other strenuous 
games. I stoutly maintained that the piece of buckwheat cake had caused all of 
my suffering. The following morning I had fully recovered from all traces of 
my unpleasant experience. 

For years afterward I occasionally had attacks similar in nature but milder 
in form. Each time my mother had made cakes, mush or hot bread from a par- 
ticular grist of corn-meal. Inquiry at the mill developed the fact that the corn 
was ground on the same set of stones which had been used for grinding the 
grains of buckwheat. 

When traveling I am always on my guard against being served buckwheat 
cakes, declining invariably cakes of any kind when buckwheat cakes are on the 
menu, for no matter how carefully the batter of wheaten or corn cakes is made, 
if the cakes are cooked on a griddle that has been previously used for cooking 
buckwheat cakes I can not eat them and retain them. 

Twice I have been served with buckwheat cakes when other cakes were ordered, 
and each time | have suffered desperately, although but one mouthful was swal- 
lowed. On the last occasion I managed to reach a doctor, but, before starting 
for his office, I drank a bowlful of mustard water, and on my way stopped at a 
drug store where I was given two teaspoonfuls of the wine of ipecac. When I 
reached the doctor he was visibly startled by my appearance. He gave me two 
doses of hive sirup, but it was fully thirty minutes before the desired effect was 
obtained. This was the longest time I have suffered before vomiting occurred. 
The burning exceeded anything I had previously endured. My face, eyes, tongue, 
neck, shoulders and hands were hot, inflamed and swollen, and my lips were thick 
with hives. The itching about my neck, shoulders and chest was unbearable; my 
lungs felt as if they had so tightened up that I could hardly get .ay breath; I 
coughed incessantly; the saliva dripped from my mouth and I rolled about on 
the doctor’s floor in agony. Almost immediately following the action of the 
emetic I began to shake like one in an ague fit—the reaction, I suppose. This 
attack happened on one New Year’s morning, and to give you an idea of the 
rapidity of my recovery, I made several social calls in the afternoon. I may add 
that for several days following my worst attacks, the skin of my hands, scalp and 
face sheds in little pieces. 

For a number of years I thought I had the same idiosyncrasy for black pepper 
and certain ground spices, having had the same distress after eating highly sea- 
soned foods, as soups, turkey dressing and the like. To settle this point I bought 
pepper berries and had them ground at my home. No trouble followed their gen- 
erous use, Suspecting some form of buckwheat to be the adulterant in the ground 
spices, I once asked an agent of a large spice mill if such was the case. After 
some hesitation he admitted that his firm bought buckwheat hulls by the car- 
load and had them roasted, ground and mixed with spices, particularly with black 
pepper. I have met with this adulteration in pepper but rarely in recent years. 

My salivary glands are so susceptible to the buckwheat poison that I can 
readily detect buckwheat adulteration in food by simply holding a portion of the 
suspected morsel under my tongue. If there is buckwheat adulteration my tongue 
swells and burns and there is prompt increase in the flow of saliva, and, it is 
needless to add, that since I have known the usefulness of this precaution no 
particle of food has been swallowed that showed the presence of buckwheat con- 


tamination, 

Once I was made very sick by eating honey which I noticed was rather dark. 
On tracing up its source I learned that it was made by bees that were allowed to 
feed on the buckwheat blossoms, and that this particular kind of honey was known 
commercially as “buckwheat honey.” 
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I am seized with long-continued sneezing attacks if exposed for a moment to 
buckwheat meal that has been scattered about in the dry state. I have fre- 
quently had such annoyance to follow brief visits to grocery stores where buck 
wheat meal had recently been handled. Just lately I had a severe attack of 
sneezing. It began as soon as I reached my office. I at once asked if any buck- 
wheat was in the room. My clerk seemed surprised and said, “Yes, there is a 
bag of it over there in the corner.” It had been sent to me, without my knowl- 
edge, by an acquaintance of mine who knew nothing of my unenviable idiosyn- 
crasy. 

All nuts, except almonds and Brazil-nuts, affect me in a manner somewhat 
similar to buckwheat, except that the salivary glands are not nearly so sensitive, 
nor is the effect on the lining of the stomach so immediate or severe. The tight- 
ening up of the lungs and bronchial tubes is, however, more marked than in the 
case of buckwheat poisoning, the symptoms being not unlike asthma in extreme 
cases. 


EXPERIMENTS 


At my request, the patient submitted to the three following experiments. I 
had thought of testing the sensibility of his conjunctiva by instilling into the 
eye a few drops of a weak infusion of buckwheat, but at the suggestion of Dr. 
William S. Thayer the skin test was substituted. The experiment was made by 
Dr. Rufus I, Cole in Dr. Thayer’s office, about 10 o'clock on the morning of the 
26th of last November. 

The left arm was scarified in two places under strict antiseptic precautions. 
Without the patient’s knowledge, an amount containing a grain of buckwheat was 
taken from a sterilized infusion of the cereal and rubbed into the upper scarifica- 
tion, while a mixture of sterile flour and water was applied to the lower one. The 
denuded areas were situated about three inches apart. As controls, Drs. Thayer, 
Cole and I underwent a like procedure with uniformly negative results. 

Within fifteen minutes after the vaccination the patient remarked, “The buck 
wheat is beginning to work.” He complained of a “tight feeling’ in his chest, 
and of nausea in the “pit of the stomach.” He began to cough at frequent inte 
vals, and there was noted increase in the respiratory movements; asthmatic 
breath sounds; rapid pulse which soon became intermittent; suffusion of the con 
junctive; an erythema, more pronounced on the face, neck, forearms, hands, chest 
and back than on the buttocks, abdomen and lower extremities; intense pruritus ; 
slight swelling of the features, hands and fingers; giddiness, restlessness and un 
steadiness in the gait. The pupils remained normal. There was no thirst. Be- 
cause of the asthmatic symptoms, Dr. Thayer gave the patient 1/100 of a grain 
of nitroglycerin. 

The dressings which had been applied to the arm were now removed, and it 
was found that only the upper scarification showed any local reaction. Here there 
was an urticarial wheal the size and shape of a half-dollar piece About this 
time the heart’s action became so irregular and labored that it was decided to pre 
vent further absorption of the buckwheat by cleansing the vaccinated area. Not- 
withstanding the fact that 95 per cent. alcohol was used, the lower scarification 
became contaminated with the buckwheat washings from the upper one, resulting 
almost immediately in the formation of a round wheal about the size of a nickel. 
lt was fully an hour and a half after the onset of symptoms before the patient 
was physically equal to leaving the office. 

He was seen by me late in the afternoon. The wheals had subsided, but the 
skin surrounding the scarified points was distinctly blanched. An occasional drop 
in the pulse, slight itching and a faint erythema on the face and hands persisted. 
The conjunctive had cleared up; fever and urinary symptoms were absent. No 
scar followed the vaccination. 
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On the afternoon of December 30, Dr. Cole made a control experiment in his 
laboratory at the Johns Hopkins Hospital. The arm was again searified in two 
places and applications were made, The patient submitted to this second test 
after being assured that he would be promptly relieved at the appearance of the 
first symptom by immediate washing of his arm. No local or general disturbance 
resulted. The pulse was taken by me at frequent intervals and was found to be 
rhythmie and normal throughout. As a matter of fact, unknown both to the pa- 
tient and myself, sterile water only had been applied to the scarified areas. It 
was a little disappointing, however, that the patient failed to sneeze, though 
seated near a bench on which a small amount of buckwheat meal had been scat 
tered. 

The third experiment was performed by Dr. Cole in his laboratory on January 
27, 1909. The object of this test was to determine the patient’s sensitiveness to 
buckwheat by mouth. The buckwheat used was obtained by me at a grocery stove 
where it was advertised as the “dark, old-fashioned kind.” It was decided to give 
the patient in succession unknown powders, some of which contained buckwheat, 
and to observe whether or not any marked reaction followed the administration of 
the buckwheat-containing powders, For each test an amount of powder about 
equal to that which could be held on the end of a knife-blade was placed on the 
patient's tongue and allowed to remain there for from tive to ten minutes when 
he was directed to spit it out and to rinse his mouth thoroughly before the next 
powder was given. A separate wooden spatula was used for each test, and care 
was taken to prevent any trace of buckwheat gaining admission to the powders 
not intended to contain it. 

Mixtures of the following substances were made and sterilized in test-tubes, 
the ingredients of which were indicated by suitable letters on the labels as in- 
dicated in the following key: 

= Cornmeal. 
F. = Flour. 

M. = Maltose. 
(3. = Glucose, 


= Buckwheat. 


Test 1.—The powder contained G., F., M. and B. The patient did not detect 
the buckwheat and said that he felt sure the powder contained none. 

Test 2.—The powder contained G., M. and B. There was no marked reaction, 
but the patient had a sensation of warmth in his mouth. He suspected buck- 
wheat, and said that he felt contident that vomiting would result if he swallowed 
the powder, There was beginning suffusions of the sclerw and slight redness and 
itching of the face and hands. 

Test 3—The powder contained C., M. and F. No increase in the symptoms 
was noted. The patient said that he thought the powder contained no buckwheat. 

Test 4—The powder contained F., M. and G. Patient coughed a little, and 
complained of a little burning in his mouth, but did not regard the test as poi- 
tive. There was a little increased redness of the face. He complained of itching 
in his mouth. 

Test 5.—Same as 2, which patient considered suggestive. 

Test 6.—A very small amount of pure sterilized buckwheat was placed on the 
tongue. The patient considered this test free of buckwheat. 

Test 7.—A larger amount of the same pure buckwheat was given, The patient 
complained of burning in his mouth, and said he felt as though he had had a 
very slight trace of buckwheat. 

Test S.—Same as 2. No increase in symptoms. 


Test 0.—Same as 7. No definite reaction. 
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It was now thought that the buckwheat being used was not active. We de- 
cided, therefore, to substitute some of the sterilized buckwheat which had been 
used previously in the test by insertion into the scarified area on the patient's 
arm on November 26. 

Test 10.—This buckwheat, equal in amount to that of any of the powders em 
ployed in the foregoing tests, was placed on the patient’s tongue. No violent r- 
action followed. The patient was doubtful at first if this powder contained buck 
wheat, but later he expressed himself as confident of its positive nature. He felt 
like vomiting and said that he must sit down. There was increase in his cough 
and hoarseness developed. Suffusion of face and sclerw became more marked. He 
complained of itching and burning in his mouth, and there was some drooling; 
the buccal and pharyngeal membrane became intensely red. The erythema was 
particularly marked and persistent on the chin. There were also redness and 1: 
tense itching of the hands and fingers. On the lower lip near the right angle «1 
the mouth two typical wheals developed. The pulse, which had been regular, in 
creased in rate of 100 and then became irregular, dropping a beat in every eight 
or ten beats. I accompanied the patient to his office. He complained of tightness 
in his throat and chest, also of heat and itehing all over his body. The drooling 
and dysphonia became more marked, and by the time he reached his destination 
he could barely speak above a whisper. I saw him again in half an hour's time, 
and found him somewhat better, but it was several hours before the symptoms 


disappeared. 


The subject of fagopyrismus opens up an inviting field for further 


investigation. I shall report later the result of a series of experiments 
I am about to begin on animals. 

In conclusion, I desire to thank Drs. Thayer and Cole for the inter- 
est they have shown in the case and for their valuable and generous aid. 


2537 St. Paul Street. 
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STUDIES IN INACCESSIBLE INTERNAL HEMORRHAGES * 


CARL J. WIGGERS, M.D. 
DETROIT 


II. TILE INEFFECTIVENESS OF ADRENALIN IN PULMONARY HEMORRHAGE 
I. INTRODUCTION 


The chief value of adrenalin in inaccessible hemorrhages consists in 
its ability to elevate the general pressure and direct a greater propor- 
tion of the blood still remaining within the body to the medulla, where 
its presence is needed to maintain the viability of the vital centers. To 
be practical in this capacity, it becomes imperative that it should not 
also increase the bleeding; in fact, it is desirable that hemorrhage should 
at the same time cease or diminish. In a recent research I showed that 
small doses of adrenalin (0.025 mg.), which I designated as “thera- 
peutic doses,” raised the pressure and diminished the bleeding from the 
intestinal vessels. In the present research the effect of adrenalin on 
pulmonary hemorrhages was investigated. 


Il. PREVIOUS WORK 


Cybulsky and Syzmonowicz' were probably the first to demonstrate 
experimentally that adrenalin slightly raised the pulmonary arterial 
pressure. Velich® later found that this slight rise of pressure also oc- 
curred in the left auricle, and drew the conclusion that it was due to the 
inability of the left heart to work effectively against so high an arterial 
pressure as adrenalin created. The facts thus brought out have served 
to condemn the use of adrenalin in pulmonary hemorrhages. The most 
complete study of this question was made by Plumier® in 1904. He 
also found a rise of pulmonary arterial and left auricular pressures, 
evidently due to a “back effect,” as the damming back of blood into the 
pulmonary circuit has been styled. He showed further, however, that 
this “back effect” occurred only when adrenalin slowed the heart. When 
a slowing of the heart was prevented by vagus section, the pressure 


"From the Research Laboratory of Parke, Davis & Co. 

1. Cybulsky and Syzmonowicz, quoted by Plumier: Jour, de physiol. et «de 
path. gén., 1904, vi, 655. 

2. Velich: Wien. med. Wehnschr., 1898, No. 26. 

3. Plumier: Jour. de physiol. et de path., gén., 1904, vi, 655. 
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within the left auricle always fell, showing that the augmented con- 
traction of the left heart could then cope effectively with the rise of 
systemic pressure. Similar results were even more recently obtained by 


Petitjean.* 

Extensive as these researches are, they are incomplete, as far as the 
therapeutic use of adrenalin in hemoptysis is concerned. Experimenta- 
tion with feeble doses, such:as alone can be used in therapeutics, has 
been practically neglected. In the zeal to obtain decisive results in one 
direction or another, large doses were naturally used. One is not war- 
ranted in assuming from these results that the same changes occur when 
small doses are given during a hemorrhage. Smail doses exert little 
slowing influence on the heart through the vagus. Besides, I have 
found that the irritability of the vagus center toward adrenalin dimin- 
ishes with the progressive loss of blood, so that doses which slow the 
heart in normal animals fail to do so in bleeding ones. These considera- 
tions indicate that the use of therapeutic doses of adrenalin in internal 
hemorrhage does not cause a damming back of blood into the pulmo- 
nary circuit. 


III. CLASSIFICATION OF PULMONARY HEMORRHAGES 


According as the blood from a ruptured pulmonary vessel] reaches 
the exterior through the respiratory passages and mouth, or remains 
concealed within the lung parenchyma or pleural cavities, pulmonary 
hemorrhages may be clinically classified as external and parenchyma- 
fous. This classification is also of physiologic importance. In the first 
place, the anatomic relations of the pulmonary vessels are such that the 
larger trunks accompany the larger bronchi and grow smaller with them 
toward the external surface of the lungs. This arrangement determines 
that external hemorrhages, as a rule, come from larger vessels than 
those confined to the parenchymatous tissue. Secondly, the smooth sur- 
face of the bronchi, from which blood is continually removed by respira- 
tion when a vessel ruptures into them, compares unfavorably with thie 
reticular coagulating surface supplied when a vessel ruptures into the 
parenchyma or through the parenchyma into the pleural cavities. 


IV. PARENCHYMATOUS HEMORRHAGES 


It was the original intention to study the effect of adrenalin on both 
classes of hemorrhage. It was found, however, that when parenchyma- 
tous hemorrhages were created by the excision of a piece of lung tissue 


4. Petitjean: Jour. de physiol. et de path., 1908, x, 401. 
J pay I 
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with a laterally curved scissors, cessation oceurred with remarkable 
rapidity. Visiting scientists, on seeing one of these profuse hemor- 
rhages created during an experiment, unfailingly prophesied the ani 
mal’s prompt death, but were as unfailingly astonished a few minutes 
later to see the hemorrhage entirely stopped without much change in 
vlood pressure. In no case was the fall more than 8 mm. Evidently 
there is no form of medication which can improve on Nature’s proce-s 
in treating these hemorrhages. For this reason the research was limited 


to external hemorrhages. 


V. EXTERNAL PULMONARY HEMORRHAGES (HEMOPTYSIS) 


Methods Employed.—In attempting an experimental investigation 
of external hemorrhages, anatomic obstacles at once arose. The large 
pulmonary trunks divide into smaller and smaller vessels almost ex- 


Fig. 1—Diagram to show insertions of cannulas. A, cannula in central end of 
pulmonary artery; B, cannula in central end of vein to record pressure in lett 
auricle; C, cannula in peripheral end of pulmonary vein. Plus and minus signs 
indicate the direction in which the volume of blood changes after administration 
of adrenalin. 


clusively within the lung tissue. This made it impossible to isolate and 
cut a certain vessel at the most opportune time, as was done in studying 
intestinal hemorrhages. It was also found that there was no satisfactory 
way to measure the blood from a hemorrhage created by a hook intro- 
duced into the bronchi through a bronchoscope. Less direct proce- 
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dures were then resorted to, and it was determined to test the effect of 
adrenalin on the pressure and flow from the large pulmonary veins and 
arteries. The artery and vein entering the lower lobe of the left lung 
were reached by resection of the four lower ribs on the left side. By 
means of canulas inserted into the central end of the artery and con- 
nected with a mercury manometer, the pressure in the pulmonary ar- 
teries was recorded. By similar connection with the peripheral end of 
the vein the venous pressure was recorded, while the left auricular pres- 
sure was obtained by inserting a cannula into the central end of this vein 
(Fig. 1). To record the outflow from these cannulas, a rubber tube. 20 
em. long, was attached and the blood led to an apparatus which continu- 
ally weighed and recorded the amount of blood. When all was read) 
the clamp on the vessel was removed, the flow recorded and sma!l dos:s 


of adrenalin intravenously injected when desired. 
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Fig. 2.—Segment of record taken Sept. 16, 1908. Effect of 0.025 mg. adrenalin 


on carotid and pulmonary arterial pressures, 


The Effect of Adrenalin on Pulmonary Arterial Hemorrhages.—The 
effect of therapeutic doses of adrenalin on the pulmonary arterial pres- 
sure was tested in twenty-one experiments, the results of which are 
typified by the curve shown in Figure 2. Evidently such dose:, though 
they cause a fair rise of systemic pressure, raise the pulmonary arteria! 
pressure very little or not at all. Such results fail to give any evidence 
that adrenalin will cause an increase in pulmonary arterial liemorrhage. 

Records of the outflow of blood from such vessels as are illustrated 
in Figure 3 invariably showed an increased bleeding after administra- 
tion of adrenalin. This was not due to the variation of the animals to 
adrenalin, for in a number of cases outflow and pressure measurements 
were consecutively made on the same animal. In each case it appeared 
that adrenalin increased the outflow even when the pressure did not 


vary. This increase lasted while the pressure rose, but was never fol- 


lowed by a diminution or cessation, as in intestinal hemorrhage. 


= 
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These experiments certainly indicate that hemorrhages from the 
pulmonary arteries are increased even by therapeutic doses of adrenalin. 
They also show that changes of pulmonary arterial pressure, as recorded 
by the mercury manometer, give no reliable indication of the quantity 
of blood present within the vessels, and that it is the volume of blood 
rather than the pressure which determines the amount of blood lost in 
pulmonary hemorrhages. This is probably so because the pulmonary 


Fig. 3.—Segment of record from Experiment 80. Effect of 0.02 mg. of ad- 


renalin on outflow from pulmonary artery. 


vessels accommodate quite a quantity of blood without much change in 
pressure. 

The Effect of Adrenalin on Pulmonary Venous Hemorrhage.—The 
left auricular pressure, as obtained from one pulmonary vein near its 
entrance (Fig. 1), has been taken by previous investigators to furnish 
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an index of pressure in the other pulmonary veins emptying into it. 
The results of my experiments entirely corroborated those of Plumier, 
in that a fall of left auricular pressure invariably resulted, in spite of a 
rise of systemic pressure (Fig. 4). This certainly indicates that a 
“back effect” from the systemic rise does not occur. It does not warrant 
the conclusion drawn by previous workers, that the venous pressure fel! 
and that thus we had evidence of a constricting action of adrenalin in 
the pulmonary circuit, for, if a cannula was inserted into the peripheral 
end of one of the pulmonary veins, the pressure slightly rose there 
(Fig. 4). This indicates a greater transfer of blood from the pulmonary 
arteries to the veins. 


Records of the quantity of blood flowing from these cannulas showed 
that adrenalin increased the flow from the peripheral end of a pul- 
monary vein (Fig. 5), even though the amount thrown out by the left 
auricle through the central end was less. 


Aaretrag 


Fig. 4—Segment of record showing effect of adrenalin (0.02 mg.) on pressure 


left auricle and pulmonary veins. 


These experiments indicate that adrenalin increases the quantity of 
blood in the pulmonary veins as well as in the arteries, and that its us 
in pulmonary hemorrhage can not be looked on as favorable. 


As has been repeatedly emphasized, the accumulation of blood is not 
due to a damming back from the arterial side. The left ventricle, stim- 
ulated to more powerful contractions by adrenalin, is able to cope with 
the arterial rise as long as the heart is not perceptibly slowed. Plumier 
prefers to interpret the rise of pulmonary arterial pressure as a con 
striction of the pulmonary vessels, but this assumption is not in accord 
with the fact that the pulmonary venous pressure also rises and the out- 
flow increases. It seems that the augmented contractions of the right 
heart throw more blood into the pulmonary circuit, but that the left 
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heart receives only a fraction of this increase, because blood is accommo- 
dated more readily by the distensible pulmonary vessels than it is forced 
ahead. 
VI. CONCLUSIONS 
1. Small doses of adrenalin that do not slow the heart generally 
cause no rise of pulmonary venous and arterial pressures, or only a 
feeble rise, even though the systemic pressure rise appreciably. 


give no accurate estimate of the 


2. Pressure measurements, however, 
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Fig. 5.—Segment of record showing effect of adrenalin (0.03 mg.) on outflow 


from peripheral end of pulmonary vein. 


blood content of these vessels, for outflow records show that this is 
decidedly increased by adrenalin. 

3. This increase is not due to a “back effect” from the systemic rise, 
for the pressure in the left auricle falls. It is not due to a constriction 


of the pulmonary vessels, for the venous pressure should then fall and 
not rise. It is probably due to the fact that the total volume of blood 
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thrown out by the augmented contraction of the right ventricle is not 


entirely forced ahead to be utilized in the feeding of the left heart, but, 


instead, is stored in the distensible pulmonary vessels. 

4. Adrenalin is not a satisfactory drug to use during pulmonary 
hemorrhage to raise the general blood pressure. Further researches are 
required to determine how it compares with other modes of treatment 
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ARTIFICIAL RESPIRATION IN THE TREATMENT OF 
EDEMA OF THE LUNGS 


A SUGGESTION BASED ON ANIMAL EXPERIMENTATION * 
HAVEN EMERSON, A.M., M.D. 
NEW YORK 

On three separate occasions, in 1906, 1907 and 1908, while demon- 
strating the effects of extreme peripheral resistance on the heart and 
pulmonary circulation, I have noticed a definite result of artificial res- 
piration when administered to an animal apparently dying from acute 
pulmonary edema. 

The physical causes of the benefit apparently derived from this pro- 
cedure seem to agree so well with facts already accepted in physiology, 
and the possibility of application of the method in certain kinds of 
clinical cases seems so reasonable, that I offer this communication in the 
hope that practical tests may, before long, be sufficiently conclusive to 
establish its value therapeutically, or to relegate it to the mass of theo- 
ries that have failed. 

It will save time if I call attention to a few points regarding the ef- 
fect of respiration on the circulation. The respiratory fluctuations in 
blood pressure which any one can appreciate in the radial pulse are due 
to the variation in the ease of passage of blood between the right and 
left side of the heart and to the inherent elasticity of the lungs. The 
expansion of the lungs allows a wider path for the blood and an increase 
in the blood in the pulmonary.vessels, and at the same moment a dimin- 
ished resistance to the passage of the blood through the lungs, a less- 
ened burden for the right ventricle. When the lungs collapse in expira- 
tion, the elastic recoil empties the pulmonary vessels, and at the same 
time narrows the path through which the right ventricle must now 
pump the blood. So we find in the last two-thirds of inspiration and 
the first third of expiration a rising pressure, the remainder of the 
respiratory cycle showing a falling pressure. 

If we watch the results of positive pressure respiration properly ap- 
plied, we notice an entire reversal of the blood pressure changes above 
described. During the inspiratory phase, which is due to the forcing of 


*From the Department of Physiology of the College of Physicians and Sur- 
geons of Columbia University in the City of New York. Read at the’meeting of 
the Section on Medicine of the New York Academy of Medicine, March 16, 1909. 
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air into the lungs under positive pressure, the norma! conditions in the 
chest and in the pulmonary spaces are altered. The positive pressur 
exerted on the vessels in the lungs tends to empty them, or at least to 
obstruct their lumen, by just the amount of pressure exerted. The 


small vessels are squeezed, as it were, against the resistant pulmonary 


tissue, by air forced into the terminal vesicles through the traches 
During the expiratory phase the release from positive pressure permits 
a filling of the vessels again and a diminished resistance to the passage 
of blood from the right to the left heart. So it will be found that dur 
ing positive pressure respiration, the so-called artificial respiration of 
laboratory procedure, the blood pressure falls during inspiration and 
rises during expiration. 

For our present purposes the important thing to bear in mind is that 
rhythmical variation of pressure, applied at any point of the circulation, 
will serve to assist in the onward movement of the blood, and will in 
proportion to its extent assist the action of the heart. It has been found 
possible to continue a circulation of the blood simply by artificial res 
piration in an animal in which the heart is no longer capable of con 
tracting. the valves allowing an onward movement with each inspira- 
tory phase and preventing any regurgitation to fill the vessels during 
expiration. 

If we modify the procedure of Professor Leo Loeb, who first calle: 
my attention to the use of adrenalin to cause edema of the lungs. w 
can develop gradually an acute cardiac insufficiency. Massive and r 
peated doses of adrenalin given intravenously in a cat will produce acut 
dilatation of the left ventricle, due to sudden and extreme constriction 
of all the systemic arteries. The dilatation of the left ventricle allows 
of a mitral regurgitation, an acute congestion of the lungs and a dilata- 
tion and failure of the right heart. The inability of the right ventricl 
to force the blood received from the auricle against the back pressure o! 
blood regurgitating from the left auricle allows of increase in the stag 
nation of the pulmonary circulation. Edema—that is, a collection of 
blood serum in the air spaces of the lungs—occurs, increasing until pink 
or clear serous frothy fluid appears in the trachea. Respiratory mov 
ments become exaggerated and later feeble and spasmodic, and the an 
mal will presently die of asphyxia due to a flooding of the air spaces o! 
the lungs by blood serum. 

If, when we find respiration showing definite signs of beginning 
asphyxia, when the veins are becoming distended and deepened in color. 
cardiac insufficiency is established and the incompetency is increasing 
and when we can hear moist rales over the lungs, and when we know that 
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cardiac insufficiency is established and the incompetency is increasing, 
we then apply artificial respiration, through the tracheotomy tube, gently 
distending the lungs and allowing them to collapse with or without 
suction, we shall find presently an amelioration in the animal’s condi- 
tion. The full expansion of the lungs, due to distention from within, 
forces a considerable amount of blood onward to the left auricle, and as 
the respiratory phase extends over two or three heart beats, an increased 
amount of blood will have passed the mitral valve and there will be more 
room in the pulmonary vessels when expiration occurs for the blood 
held in the distended right ventricle, and a diminished resistance in 
the lungs against which the right ventricle can now successfully empty 
itself. 

This at least seems the probable explanation for the improvement in 
the circulation which presently occurs. The lungs appear free from 
moist rales, the heart beats more vigorously, the distention of right and 
left side diminishes and when the artificial respiration is discontinued 
after about half an hour the animal is able to breathe normally and 
shows none of the signs of insufficient circulation or respiration. The 
effect of the adrenalin has worn off, the heart muscle has recovered 
from its acute overloading, the pulmonary circuit is no longer engorged 
with regurgitated blood, and to all intents and purposes the heart and 
lungs are again performing their functions normally. 

The bearing of this purely experimental procedure on the individual! 
case of edema of the lungs in the human subject may not appear quite 
clear, and I shall try to point out the conditions in which I believe this 
lesson can be applied with advantage. 

In many instances a hypertrophied and properly compensating heart, 
which has adjusted itself gradually to a valvular defect or to an increas- 
ing inelasticity of the arteries or persistent increase of peripheral resist- 
ance from any one of a number of causes, will, if a sudden strain is put 
on it, develop an acute incompetence. Overexertion physically, over- 
indulgence in food or wine, excess of psychical excitement or an unfor- 
tunate combination of all three, or an attack of contracted arteries or 
bronchi may be the determining factor. With a heart just able to main- 
tain its competence under favorable conditions, even if it is not the seat 
of myocardial degeneration, insufficiency is easily precipitated and pul- 
monary edema is likely to be developed unless the failing heart action 
is of very brief duration. Under such conditions as I have above de- 
scribed, I believe it would be a valuable aid to the necessary medication 
if artificial respiratory movements were used. With the patient in the 


semirecumbent position, which is usually assumed when cardiac dyspnea 
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is marked, raising the arms above the head and then pressing 
against the sides of the thorax or, better, across the upper 

abdomen, ought to establish the accessory pumping action which, under 
normal conditions, facilitates the flow of blood through the lungs, but 
which the patient, in his enfeebled condition, is unable t lo for | 
eve, should prove more prompt and 


than any medication, and would at least be giving mechanical 


self. This assistance, I beli 
the overloaded heart muscle, while arterial relaxation and cardia 

lation are being accomplished by drugs. I think such treatment 

be indicated whenever the edema and cardiac incompetence are 

den development and are due to causes which are likely to prove of brie 
duration or can be removed by appropriate treatment. Edema, when 


due to cardiac failure in the course of pneumonia or appearing as 


inevitable terminal feature of a chronic endocarditis, could not be 


pected to respond to such temporary relief as artificial respiration wou! 

offer. Moreover, I hope I shall not be misunderstood as advocating 
forced respiration by intubation or tracheotomy, for I certainly th Nn 
such measures would be quite unjustifiable. My belief, based on exper- 
mental observations, is that artificial respiratory movements, directed to 
establishing a rhythmical expansion and contraction of the thorax, are 
worthy of clinical trial in cases of acute cardiac insufficiency accom- 
panied by edema of the lungs. 
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PULMONARY EDEMA TREATED BY ARTIFICIAL 
RESPIRATION 


REPORT OF A CASE * 


THEODORE B. BARRINGER, Jr., M.D. 
NEW YORK 

Several weeks after seeing Dr. Emerson’s experiment, in the spring 
of 1908, and realizing the lesson it taught in clinical therapeutics, I was 
called to one of my patients, whom I found in an attack of acute cardia 
insufficiency. A report of this case follows: 

History.—The patient, a housewife, aged 47, multipara, had had scarlet fever 
and chorea when a child, and a severe attack of inflammatory rheumatism in 1895. 
She had had dyspnea on exertion for the last three or four years, and five or six at- 
tacks of cardiac insufliciency during this time. The chief symptoms were rapid 
heart action, dyspnea, cyanosis and occasionally hemoptysis. None of them was 
severe, and they lasted, as a rule, not over four or five hours. 

Examination.—The patient was 5 feet 4 inches tall and weighed 150 pounds. 
The apex of the heart was in the fifth space, 4%4 inches out; there was 
« marked right heart hypertrophy, and at the apex a loud presystolic crescendo 
murmur and a faint systolic murmur transmitted to the left. The lungs were 
negative; the urine negative, except for an occasional hyaline cast. At the time 
of my emergency call I found the patient sitting up in bed, cyanosed, very dyspneic 
and restless, with a tracheal rattle and a pulse 132 to the minute, quite irregular 
and of low tension. The heart showed a diastolic rumble instead of the usual 
presystolie crescendo murmur. The lungs showed quantities of moist rales whieh 
extended as high as the third or fourth ribs in front. 

Treatment.——My patient evidently was suffering from an auricular paralysis. 
I opened the window, put an inverted chair with a pillow on it behind her back 
and gave her hypodermic injections of tineture of digitalis, strychnin and 
morphin. Then, with the husband’s aid, I carried out artificial respiration. We 
raised and lowered the arms slowly ten or twelve times, then stopped for a few 
moments, because it tired the patient, and then resumed the movements. After a 
few arm movements she coughed and raised several large mouthfuls of pink, 
frothy sputum, and this expectoration was repeated a number of times. Betweea 
the periods of artificial respiration the tracheal rattle would continue and nothi- 
ing would be expectorated. At the end of an hour the artificial respiration was 
stopped and the hypodermic stimulation repeated. The rattling in the throat had 
now ceased, the moist riles in the lungs had become much less numerous and the 
pulse was 118 per minute. 

In two or three days the patient had entirely recovered. 


The cause of the cardiac insufficiency and pulmonary edema in this 
case was, of course, different from that in Dr. Emerson’s animal experi 


*Read at a meeting of the Section on Medicine of the New York Academy of 
Medicine, March 16, 1909, 
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ments. The pathology of acute cardiac failures in these cases of mitral 
valve lesions is probably as follows: Some overexertion, mental 0 
physical, interferes with what Mackenzie calls the tonicity of the right 
ventricle, and it dilates; tricuspid regurgitation ensues; the right auri- 
cle dilates and auricular paralysis follows. The right-heart failure is 
evinced clinically by the marked cyanosis, the dyspnea, the irregular 
rhythm, and the pulmonary edema. 

My patient would very possibly have recovered if nothing had been 
done for her, although this was the severest attack she had ever had. 
The hypodermic stimulation was naturally of much help to the right 
heart. but I feel that the artificial respiration also aided very materially 
the pulmonary circulation in the way Dr. Emerson has described. Cer- 
tainly the lungs were relieved of much of the transudate. This was one 
of the few times I have seen the typical sputum of pulmonary edema as 
described in the text-books. 

It is interesting to note what Mackenzie says, in his recent book on 
diseases of the heart, about the treatment of pulmonary edema : 

When, however, the right ventricle is enfeebled, the assistance of the respira 
tory movements becomes necessary. An important part can be played, in suitable 
cases, by placing the patient in a position to breathe freely, avoiding the restraint 
exerted by pressure on the ribs, and by making the patient inspire deeply. 

In the Presbyterian Hospital (New York) Medical and Surgical 
Report for 1897, Norton reported a case of carbolic-acid poisoning 
treated with the Fell-O’Dywer forced respiration apparatus. The pul 
monary edema which ensued was ¢ leared up rapidly by the artificial res- 


niration. In this case the pulmonary circulation was aided by a rhyth 


mical positive pressure, instead of by a rhythmical negative pressure, a- 


in mv case. 
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A REPORT ON 
CHRONIC 
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NEPHRITIS 


EXPERIMENTAL 


PRODUCTION 
IN ANIMALS BY THE 


OF 


USE OF URANIUM NITRATE.* 
ERNEST C. DICKSON, B.A., M.B. 
SAN FRANCISCO, 
INTRODUCTION, 

The study of chronic nephritis is one which for many vears has 
commanded the interest and investigation of many observers. Since 
1827, when Richard Bright first described the condition which we now 
know as Bright’s disease, many attempts have been made to determine 
the relationship existing between the various types of diseases of the 
kidney, and the conditions which influence the development of those 
different types. It is impossible to discuss here the immense amount 
of literature which has been written on this subject, or to consider the 
bitter controversies which have waged. Even to-day, although certain 
types of subacute and chronic conditions are universally recognized, 
there is great difference of opinion as to the etiologic factors at work 
in the development of each. 

In 18739 Weigert’ published an elaborate discussion of kidney dis- 
eases viewed from the standpoint of pathologic anatomy, and in his 
classification he described a series of kidneys as “chronic hemorrhagic 
with heart hypertrophy” in which there are definite interstitial changes 
associated with the parenchymatous degenerations. This group he sub- 
divides into three smaller groups: 

1. Those kidneys which are normal or slightly larger than normal 
in size, are red or mottled in color and are firmer in consistency than 
normal. The capsule strips easily, the cut surface bulges a little on 
section, and the cortex is pale or mottled in color, while the pyramids 
are darker. There is a certain amount of fatty degeneration of the 
epithelium of the convoluted tubules, many of which are more or less 
completely obliterated while others are dilated and contain a clear or 


*From the Pathological Laboratory of the University of Toronto, Canada. 

*A preliminary report of these experiments was read before the Association 
of American Pathologists in Washington, D. C.. in June, 1907, and before the 
Laboratory Section of the Canadian Medical Association in Montreal, P. Q., in 
August, 1907. 
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granular exudate in their lumens. The collecting tubules and the 
loops of Henle contain casts. The glomeruli may be unchanged or 
may show thickening of the capsules, and there may be connective tis- 
sue change in the tufts. There is some proliferation of the intertu- 
bular connective tissue, and there may or may not be thickening of the 
intima of the arteries. 

2. Forms which are similar to those just described, but which show 
in addition definite macroscopic granulations on the surface. There is 
greater glomerular and tubular change and much more new growth of 
connective tissue. Clinically this type contrasts with the chronic in- 
terstitial, in its shorter duration, the greater amount of albumen, and 
the presence of edema. It may be considered as a further stage in the 
process of which the type last described forms a part. 

3. Large white kidneys which closely resemble the above type both 
clinically and histologically except that they are anemic and show 
much more fatty change. 

Weigert also refers to kidneys which are atrophied and granular, 
with very marked degeneration of the glomeruli and tubules, with the 
formation of cysts and with calcium deposit, and with marked dif- 
fuse increase of the connective tissue. This group he divides into 
two smaller groups: (a) the small red atrophic kidney; (b) the small 
white atrophic kidney. The condition is characterized clinically by 
the long duration, the absence of edema, and the hypertrophy of the 
left ventricle of the heart. 

In discussing the etiology of chronic nephritis he points out that 
a parenchymatous nephritis, i. e., one in which the parenchymatous 
change is the most marked but which shows also some interstitial 
change, can pass over into the stage of a shrunken kidney. He also 
believes that all new formation of connective tissue in the kidney is 
invariably preceded by degeneration of the tubules or glomeruli. 

In 1897 Senator? made a definite division of contracted kidneys 
into two groups, primary and secondary. The primary sclerotic, to- 
gether with the arteriosclerotic, form by far the greater number of 
eases of chronic nephritis, and are progressive from the beginning 
without anv primary acute inflammation, and often without acute 
exacerbations. The secondary contracted kidney on the other hand, 
dates from some acute infection, and has an initial acute stage which 
may be considered as a true parenchymatous nephritis. He believes 


2. Senator: Die Pathogenese der chronischen Nephritis. Berl.  klin. 
Wehnschr., 1897, xxxiv, 820. 
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that this type is also progressive because of some disturbance of the 
vascular system. 

Samuel West* in his Lettsonian Lectures in 1899 admits that 
viewed from a pathologic standpoint there is a possibility of a pro- 
gression from an acute parenchymatous inflammation through the 
stages of the subacute to the small granular or atrophic kidney; but he 
believes that such a process is practically never found clinically. He 
believes it as reasonable to suppose that the so-called primary paren- 
chymatous nephritis is an acute exacerbation of a pre-existing chronic 
condition, as that it is the initial lesion upon which the subsequent 
granular condition depends. 

Freidrich Miiller* in 1904 points out that acute parenchymatous 
nephritis due to many infections may eventually go on to the develop- 
ment of a contracted or indurated kidney. He believes that many of 
the so-called idiopathic or primary indurated kidneys are thus classi- 
fied because a sufficiently careful search for a definite causative factor 
has not been made. He believes that while in many cases of nephritis 
following acute infection there may be a long-drawn-out and progres- 
sive condition with slight disturbances of temperature and with peri- 
odie exacerbations. yet in a certain number of such cases there is a 
complete cessation of all svmptoms and freedom from any disturbance 
for many years. In such cases he considers that the condition is that 
of healing by scar formation, and that it is not progressive, although 
a kidney so damaged must necessarily offer a focus of lowered resist- 
ance to subsequent insult. He compares the lesion to that found in 
the endocardium after a healed valvular endocarditis, or to that con- 
dition of fibrosis which is found in the lung after an unresolved pneu- 
monia. Although the clinical course of this type differs from that of 
the so-called idiopathic chronic nephritis in the acute onset with the 
presence of albumen and casts, and in the gradual clearing up of the 
acute symptoms with the subsequent development of polyuria and 
hypertrophy of the left ventricle, vet histologically the kidneys can 
not be distinguished from one another. 

In 1906 Lohlein® showed that in a certain number of patients who 


succumbed to chronic nephritis there was a definite history of a pre- 


3. West: Some clinica] aspects of granular kidney. Brit. Med. Jour., 
1899, i, 329. 

4. Miiller: Morbus Brightii (Korreferat). Verhandl. d. deutsch. path. 
Gesellsch., 1905, ix, 64. 

5. Lehlein: Ueber die entziindlichen Veriinderungen der Glomeruli der 
menschlichen Nieren und ihre Bedeutung fiir die Nephritis. Verhandl. d. 
deutsch. path. Gesellsch., 1906, 217. 
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existing infection followed by a quiescent period of several years be- 
fore the appearance of the terminal symptoms. He based his con- 
elusions on a study of searlatina and diphtheria in which he found 
that glomerular change played a very important part in the nephritis 
following these diseases. He says that advanced fibrosis with hyaline 
change of the tufts and thickening of the capsules of the glomeruli 
may undoubtedly date back to a glomerular nephritis in a certain 
number of young subjects in which the history definitely locates the pri- 
mary attack and exeludes probability of subsequent irritation to the 


kidney 


Fig. 1.—Guinea-pig 25: 46 injections of 0.25 mg. in 77 days. Dilatation 
of tubules in the medullary rays, cellular infiltration between tubules, desquam- 
ated cells in the dilated lumens, and glomerulus with thickened capsule sur- 
rounded by round-cell infiltration. 


In view of such differences of opinion resulting from purely elin- 
ical observations, an attempt has been made to produce a chronic 
nephritis in animals by experimental means, in the hope that some 
condition might be produced analogous to that found in man, and 
that from the method of experimental production some light might be 


thrown on the etiologic process which produces the condition in 
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man. Uranium nitrate was the irritant selected, because Richter® has 
recently shown that by the use of this drug “it has become possible to 
produce a diseased condition in animals which is analogous through- 
out to Bright’s disease.” The experiments were performed in_ the 
Pathological Laboratory of the University of Toronto, under the di- 
rection of Professor J. J. MacKenzie. I wish here to express my 
gratitude to Professor MacKenzie for the interest with which he has 
followed the work, and for the many helpful suggestions he was at all 
times ready to give. I am also indebted to Dr. V. FE. Henderson for 
help and advice throughout the course of the experiments. 


Fig. 2.—Guinea-pig 25: High power of glomerulus showing thickening of 
capsule and infiltration of round cells around it. 


HISTORICAL. 


A review of the literature on experimentally produced chronic 


nephritis forces one to the conclusion that the results obtained have 


not been very satisfactory. In 1904 Rose Bradford’ suggested that 


Beitr. z. klin. Med. Festschr. Herrn. Prof. Senator, Berlin, 1904, 283. Ex 


perimentelle iiber der Nierenwassersucht. Berl. Klin. Welnsehr., 1905, xlii, 384. 
7. Bradford: On Bright's disease and its varieties. Croonian Lectures, 


1904. Lancet, London, 1904, elxvii, 191. 


6. Richter: Die experimentelle Erzeugung von Hydrops bei Nephritis. 
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a possible explanation of the many failures might lie in the fact that 
up to that time no irritant was known by which one could produce in 
animals a condition analogous to acute Bright’s disease in man, i. e., 
an acute parenchymatous nephritis associated with the formation of 
edema. An exhaustive review of the literature up to January, 1907, 
may be found in Lyon’s report® entitled, “An Experimental Study on 
the Action of some Poisons and Toxins on the Kidney and Spleen,” 
and in Ophiils’ article’ on “Experimental Chronic Nephritis.” Space 
will not permit more than a very brief review at this time. 

Bradford? has stated that mere destruction of renal parenchyma by 
a metallic poison is not sufficient to lead to the production of a true 


Fig. 3.—Guinea-pig 26: 36 injections of 0.25 mg. in 45 days. Very low 
power showing the wide distribution of the dilated tubules and the cellular 
infiltration between them. 


contracted kidney. Potassium bichromate injected directly into the 
kidney of an animal through the renal vein causes an extensive de- 
struction of the renal epithelium, and if the animal survives the first 
acute attack, a subsequent atrophy of the tubules and glomeruli with 


8. Lyon: Experimental study on the action of some poisons and toxins 
on the kidney. Jour. Path. and Bacteriol., 1903-04, ix, 400. 

9. Ophiils (W.): Experimental chronic nephritis. Jour. Am. Med. Assn., 
1907, xlviii, 483. 
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Fig. 4.—Chart showing weight and excretion of urine in Guinea-pig 21. 
The dose given at each injection was 2.5 mg. The arrows indicate the time at 
which the injections were given. The shaded circle indicates a large amount of 
albumin in the urine, the crossed circle indicates a moderate amount, and the 
plain circle indicates a faint trace. The amount of urine is given in ec. ¢. per 
twenty-four hours, the amount of chlorids in grams of NaCl, and the amount 
of phosphates in grams of Na,HPO, The food intake was constant. Note the 
definite retention of chlorids and phosphates. 
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definite shrinking of the kidney. But the condition has not the picture 
of a true contracted kidney because there is no proliferation of con- 


nective tissue. 
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Fig. 5.—Guinea-pig 21: 6 injections of 2.5 mg. during 77 days. Glomeruli 
with thickened capsules and beginning proliferation of the endothelium, extreme 
atrophy of the tubules, and marked proliferation of the inter-tubular con- 


nective tissue. 


Lyon* conducted an extensive series of experiments in which he 


produced acute nephritis in animals by the use of different poisons 
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and toxins. But in so far as the production of anything like a chronic 


condition was concerned his results were not very satisfactory. He 
succeeded in obtaining some new formation of connective tissue around 
some of the large deposits of calcium which occurred in the medulla 


of kidneys poisoned with corrosive sublimate, but he was unable to 


find any atrophied glomeruli with fibrous thickening of the capsule 
even in rabbits that had undergone a chronic poisoning which ex- 
tended over a period of one hundred and ten days. In his summary 
he says: “In no case and by no variation of experimental method 


have I been able to produce and follow the evolution of changes at 


Fig. 6.—Guinea-pig 21: New-formed elastic tissue around slightly dam : 
aged glomeruli. It is situated outside the thickened basement membrane and a 
is closely associated with the small artery. (Weigert’s elastic tissue stain.) {I 

all analogous to those which we find in sub-acute and chronic diffuse 
nephritis in man.” 

Petroff'’ in his experiments on the effects of various metals on " 
the kidneys, found that when the action of the irritant was continued 
for a considerable length of time, there resulted necrosis of the renal ; 

10. Petroff: Ueber die Einwirkung der Metalle auf die Nieren. Diss., : 
Wiirzburg, 1905. | 
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epithelium with definite proliferation of connective tissue. But at no 
stage of the experiments did he find albumin or casts in the urine. 
Ehrlich"? and Levaditi'? were somewhat more successful, for by 
the use of vinyl amine they were able to produce a definite fibrosis of 
the kidneys in white mice, which was secondary to localized hemor- 
rhagic necrosis of the papille. This condition in one case was asso- 
ciated with characteristic urinary findings, as well as with hyper- 
trophy of the left ventricle of the heart and albuminuric retinitis. 
Piissler and Heineke’® have recently reported a series of experi- 


ments by which they simulated the local conditions of chronic neph- 


Fig. 7.—Chart showing weight and excretion of urine in Guinea-pig 23. 
Note the definite retention of chlorids and phosphates and the increased amount 
of urine excreted in the latter part. For full explanation, see legend of Figure 4. 


ritis by directly destroying the greater part of the parenchyma of one 
kidney, and subsequently excising the other kidney. In certain animals 


11. Ehrlich: Ueber die Zusammenhang von chemischer Constitution und 
Wirkung. 1898. 

12. Levaditi: Experimentelle Untersuchungen tiber die Necrose der Nieren- 
papille. Arch. internat. de Pharmacod., 1901, viii, 45. 

13. Piissler and Heineke: Versuche zur Pathologie der Morbus Brightii. 
Verhandl. d. deutsch. path. Gesellsch., 1905, ix, 99. 
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which survived there resulted polyuria and hypertrophy of the left ven- 
tricle, and associated with this was the peculiar cachectic condition of 
chronic nephritis. 

Ophiils* reports the production of sclerosis of the kidneys by feed- 
ing carbonate and acetate of lead in small doses to guinea-pigs and 
dogs respectively. The condition was associated with a typical lead 
anemia, but his observations correspond with those of Petroff im 
that he did not at any time find albumin or casts in the urine. Ina 


more recent article’* he reports a series of experiments on dogs and 


Fig. 8.—Guinea-pig 19: A single injection of 5 mg. The animal was 
killed on the twenty-fifth day. Cystie dilatation of the glomerular capsules, 
beginning proliferation of the interstitial tissue, and beginning atrophy of the 
tubules. 


rabbits with potassium bichromate. By repeated subcutaneous injee- 
tions he was able to produce definite foci of interstitial change, though 
he found that the kidneys had a strong tendency to recuperate even 
after severe subacute parenchymatous nephritis. In this series of 
experiments albumin and casts were found in the urine. 

14. Ophiils (W.): Some interesting points in regard to experimental 
chronic nephritis. Jour. Med. Research, 1908, xviii, 497. 


1 
31. Be >.> 


CHRONIC NEPHRITIS IN) ANIMALS 


Haven Emerson'® has found that repeated inhalations of ether, 
aleobol, amyl nitrite and chloroform produced varying degrees of 
chronic nephritis in dogs, and that in certain cases the manner of 
death of the animals would indicate that “the condition of the kidneys 
was probably responsible for their deaths.” He also found that intra- 
renal injections of alcohol, and intramuscular injections of the acetate 
of lead produced chronic lesions in the kidneys, and that simple pune- 
tures into the kidney substance were followed by new growth of con- 
nective tissue along the line of puncture which, however, did not ex- 


tend out into the surrounding kidney substance. 


Fig. 9.—CGuinea-pig 33: A single injection of 5 mg. The animal was 
killed in 117 days. Low power showing marked eystie dilatation of the glomeru 
lar capsules, and advanced fibrosis with atrophy of the tubules and thickening 
of the glomerular capsules. The low power will give some idea of the wide 


distribution of the fibrotic change. 


Leopold! has reported the occurrence of an incipient fibrosis in 
the kidney of a deg which had been subjected to prolonged administra- 

15. Haven (Emerson): An experimental and critical study of the etiology 
of chronic nephritis. THe Arcuives or Int. Mep., 1908, i, 485. 

16. Leopold: Ueber der Einwirkung von Salzen auf die Nieren (im 
Tierexperiment). Ztschr. f. klin. Med., 1906, Ix, 490, 
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tion of sodium chlorid ; and recently Siegel’? has referred to a con 
dition found in a dog thirty days after acute poisoning with uranium 


nitrate which he describes as a chronic parenchymatous nephritis. 


EXPERIMENTAL METHOD, 

The animals taken for experiment were well grown guinea-pigs 
which weighed between 550 and 700 gm. They were fed on carrots and 
hay, except when under special observation in metabolism cages, when 
they received a weighed amount of carrots only. A) limited number 


were observed in) metabolism cages, from which the total amount of 


Fig. 10.—Guinea-pig 35: A single injection of 5 mg. The animal was 
killed on the 117th day. Cystic dilatation of the glomerular capsule and mod 
erate fibrosis with atrophy of the tubules, and some thickening of some of the 
glomerular capsules. 


urine was collected and daily tests made. Bacterial growth in- the 
urine was controlled by placing a few drops of chloroform in the 
receiving vessels. The ordinary clinical tests of the urine were ap 
plied, and quantitative estimations of the chlorid and phosphate ex- 


cretion were made, using Volhard’s method for the chlorids, and the 


17. Siegel: Ein Stoffwechselversuch bei Urannephritis am Hunde.  Ztsehr. 


t. exper, Path. u. Therap., 1907. iv, 561. 
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uranium nitrate method for the phosphates. The reaction was so 
alkaline ‘hat casts were rarely found in the twenty-four hour speci- 
men. Autopsy was done in every case as soon after death as possible, 
and, in all eases where the animal was killed, chloroform was used, 
and the autopsy was done at once. Gross examination was made of 
all the organs, and histologic examination of the kidneys. Of the 
various fixing fluids tried, Carnoy’s kidney fixative was found to give 
the best results, although sections fixed with this fluid could not be 
studied with Sudan IIT for the presence of fat. The blocks were 
embedded in paraffin, the sections cut at from four to six microns 
and mounted with glycerin and egg-albumen. The stains used were 
hematoxylin and eosin, Weigert’s elastic tissue stain, Weigert’s fibrin- 
stain (to demonstrate the hyaline change), and Van Gieson’s connec- 
tive tissue stain. The presence of calcium salts was demonstrated by 
von Kossa’s silver nitrate solution. 

Three series of experiments were made: 

1. Eight animals (of which six are reported) were given very 
frequent subeutaneous injections of 0.25 mg. of uranium nitrate in 
aqueous solution, from 46 to 87 doses being given in from 77 to 120 
days respectively. In this way it was hoped that I might simulate in 
a certain degree the long-continued mild intoxication which is con- 
sidered to be an etiological factor in the development of the primary 
contracted or small red kidney. 

2. Seven animals (of which five are reported) were given sub- 
cutaneous injections of 2.5 mg. of uranium nitrate at intervals of 
from 10 to 30 days, the number of doses and the interval being de- 
termined in each case by the reaction of the animal as indicated by 
the changes in the weight and the urinary picture. The dose was 
sufficient in each case to produce a definite nephritis, which however 
was not severe enough to kill the animal. In this way I hoped to be 
able to show the effect on the kidneys of repeated subacute attacks of 
nephritis. 

3. Fourteen gnimals were given a single subcutaneous injection 
of 5 mg. of uranium nitrate, which was sufficient to produce a severe 
nephritis with extreme loss of weight and almost complete anuria. 
In two cases death followed within five days, in two cases on the sev- 
enth day, and in one case on the eighth day. Of the remaining nine 
animals two were killed on the twenty-fifth day, two on the one hun- 
dred and seventeenth day, one died on the two hundred and twenty- 
fourth day, two were killed on the two hundred and fortieth day, and 
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two animals were lost. This group (of which eight are reported) will 
show the condition of the kidneys at different periods after a single 
attack of acute nephritis. 
PROTOCOLS.—SERIES I 

Proroco. 1—Guinea-pig 22.—Eighty-two subcutaneous injections of 0.25 
mg. of uranium nitrate were given during one hundred and ten days, after 
which the animal was killed. The weight decreased from 609 gm. to 455 gm. 
Albumin was present in the urine for four days following the fortieth dose, but 
was not observed again. 

Autopsy.—The animal was fairly fat and showed no congestion of the 
peritoneum and no ascites. The kidneys appeared normal in size and color, 
and on section showed no macroscopic changes. The capsule stripped easily. 


MICROSCOPIC EXAMINATION 


The majority of the glomeruli show practically no change except that the 
tufts are dilated and completely fill the capsules. Many of the capsules, how- 
ever, show definite thickening of the endothelium and of the basement mem- 
brane, while others are dilated, forming scattered microscopic cysts in the 
cortex. A few capsules contain a granular exudate but no desquamated cells. 
The tufts in nearly all cases show no changes except the dilatation described 
above, although a few have some thickening of the intervascular connective 
tissue, and some others show slight fragmentation of the nuclei. The thick- 
ened basement membranes of the capsules show definite hyaline degeneration, 
but there is no hyaline change in the tufts. 

The greater number of the convoluted tubules present a fairly normal ap- 
pearance, although the epithelial cells are somewhat swollen. There are areas, 
however, where the tubules are distinctly dilated. In these areas the epithelium 
is flattened and degenerated, in some cases showing merely a narrow band of 
protoplasm with poorly staining nuclei inside the basement membrane. These 
tubules are found in the neighborhood of the glomeruli which show changes, 
and they contain a granular exudate and in many cases some desquamated 
epithelial cells. In other places the tubules are shrunken and atrophied and 
show a deposit of pigment. In the medullary rays the ascending limbs of 
Henle’s loops are dilated and contain granular exudate and desquamated cells 
which show varying degrees of degeneration. The collecting tubules in the 
pyramids also contain exudate and debris, but otherwise show no change. A 
few of the tubules contain dense hyaline casts. 

There are definite areas of round-cell infiltration in the interstitial tissue, 
in many cases widely separating the atrophied tubules which in these places 
show hyaline degeneration of their basement membranes. In a few cases these 
areas of round-cell infiltration are found around slightly damaged glomeruli. 
No changes can be observed in the walls of the blood vessels, and there are no 
areas of calcification. 


Proroco, 2—Guinea-pig 2}).—Fifty-one subeutaneous injections of 0.25 


mg. of uranium nitrate were given during sixty-eight days, and the animal died 
on the sixty-eighth day. The weight decreased from 580 gm. to 415 gm. Al 
bumin was present in the urine after the fourth, fourteenth and twenty-sixth 
doses for one day each time, after the thirty-second dose for three days, and 
after the forty-third dose for two days. There was almost complete anuria for 
the twenty-four hours preceding death, the small amount of urine excreted 
containing a high percentage of albumin. No convulsions were observed. 
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futopsy.—The peritoneum was considerably congested and there was a 
small amount of clear fluid in the peritoneal cavity. The bladder contained 
about 5 «cc. of urine, which gave a definite reaction for albumin but contained 
no casts. The kidneys were rather large and pale, almost gray in color, with 
some dilated venules over the surface. There was no perinephrie fat, and the 
capsule stripped easily. The cut surface bulged on section and showed some 
edema. The cortex was paler in color than the medulla. 


MICROSCOPIC EXAMINATION 


The condition found is similar to but more marked than that described in 
Protocol 1. There are a few definite areas of fibrosis which seem to replace 
the medullary rays, and which extend to and correspond with small dimples 
on the surface. Immediately on either side of these processes the greater part 
of the parenchymatous change is seen, the appearance of the cortex in other 
places being practically normal. The glomeruli show changes similar to those 
described in Protocol 1, but in addition, a few show newly formed elastic 
tissue fibers around the capsule, external to the thickened, hyaline basement 
membrane. The eystie formation is more marked and occurs both in the 
glomeruli and in the convoluted tubules, one eyst being found in the cortex 
which measured fully 1 mm. in diameter. The ascending limbs of Henle’s 
loops contain greater numbers of desquamated cells but no dense hyaline casts. 
There are a few small foci of calcium deposit in the cortex and very definite 
deposit in the medulla, 

ProrocoL, 3—Guinea-pig 25. (Figs. 1 and 2.)—Forty-six injections of 
0.25 mg. were given in seventy-seven days, and the animal died on the seventy- 
seventh day. The weight dropped from 665 gm. to 410 gm. Albumin was pres- 
ent in the urine fer two davs after the fifth dose, and for two days before 
death. There was no noticeable tendeney to anuria during the twenty-four 
hours preceding death, but numerous granular casts were found in the urine 
at this time. 

tufopsy.—The peritoneum was markedly congested and firmly adherent 
to the abdominal! wall in the region where the injections had been made. A 
very small quantity of fluid was found in the peritoneal cavity. The bladder 
was full of clear urine which gave a marked reaction for albumin and con- 
tained very many granular casts. The stomach and intestines were enormously 
distended and contained a large quantity of fluid material. The liver, heart, 
lungs and adrenals showed no gross change. The kidneys were very large, the 
left being larger than the right, and were dark in color and mottled. The 
capsule stripped easily. On section there was definite bulging and some edema, 
and the cortex and medulla were uniformly congested. 


MICROSCOPIC EXAMINATION 

The greater part of the cortex appears fairly normal, although the glome- 
rular tufts completely fill the capsules, and the cells of the convoluted tubules 
are swollen and somewhat granular. Some of the glomeruli show thickened 
capsules with beginning proliferation of the endothelium, and some are sur- 
rounded by areas of round-cell infiltration. (Fig. 2.) The greatest change is 
seen in the medullary rays where the tubules are dilated, their epithelium 
flattened, and their lumens filled with exudate and desquamated cells. (Fig. 
1.) Many of the convoluted tubules in the vicinity show a similar change, 
and there are areas at and near the cortical margin where the same condition 


obtains. There are some desquamated cells and exudate in the lumens of 


the collecting tubules. There are no areas of definite fibrosis, but there are 
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many areas of round-cel! infiltration occurring chietly near the junction of the 
cortex and medulla, and frequently in close relation to the medium-sized veins. 
There are no dense hyaline casts in the tubules and very little hyaline de 
generation of the basement membranes. A few small patches of calcification 
are seen in the medulla. 

Protoco, 4—Guinea-pig 26. (Fig. 3.)—Thirty-six injections of 0.25 mg. 
were given in forty-five days, and the animal died on the forty-fifth day. The 
weight dropped from 587 gm. to 480 gm. Albumin was present in the urine 
for one day after the eighth dose and for one day before death. There was 
almost complete anuria for sixteen hours before death, but no convulsions were 
observed. 

Autopsy.—The peritoneum was definitely congested, and was adherent to 
the abdominal wall in the region where the injections had been made. There 
was a considerable amount of clear fluid in the peritoneal cavity. The bladder 
contained about 7 c.c of clear urine, which gave a definite reaction for albumin 
and contained granular casts, some epithelial cells, and a few leucocytes. The 
stomach and intestines were distended and were filled with a fluid material. 
The heart, lungs, liver and adrenals showed no gross changes. The kidneys 
were about normal in size and color. The capsule stripped easily and there 
was some bulging of the cut surface on section. 


MICROSCOPIC EXAMINATION 

The condition shown is very little different from that described above. 
There is no definite fibrosis, but there are many areas of round-cell infiltra- 
tion, and a fair number of glomeruli with thickened capsules which are sur 
rounded with atrophied tubules. There is definite hyaline degeneration of the 
basement membranes, both of the tubules and of the glomerular capsules, and 
there is some cyst formation, chiefly of the glomeruli. The epithelium of the 
tubules is not granular, but many of the tubules are dilated, have flattened 
epithelium, and contain exudate and desquamated cells in their lumens. (Fig. 3.) 
Many dense hyaline casts are present in the tubules, but no areas of calcifica 
tion are seen. 

Proroco. 5—Guinea-pig 30.—Eighty-three injections of 0.25 mg. were 
given in one hundred and twenty days. and the animal was killed on the one 
hundred and fifty-seventh day. The weight fell from 540 gm. to 470 gm. during 
the time the injections were being made, but went up to 615 gm. during the 
following thirty-seven days. The urine was not observed until after the forty- 
sixth dose. Albumin was present in the urine for three days after the fifty- 
first dose, and for four days after the fifty-seventh dose. No casts were found. 

Autopsy.—The peritoneum was not congested, there was a very small 
amount of clear fluid in the peritoneal cavity, and all the organs, including 
the kidneys, appeared normal on gross examination. 


MICROSCOPIC EXAMINATION 

There is much less change than in the preceding animals, but there are a 
number of glomerular cysts which are surrounded by degenerated and atrophied 
tubules. Some of the glomerular capsules contain exudate, and a few of them 
have thickened basement membranes which have undergone hyaline degenera- 
tion. There is less tubular change than in the preceding cases, but some of 
the tubules are dilated and have exudate and débris in their lumens. No 
dense hyaline casts are seen. There are a number of areas of round-cell in 
filtration scattered through the cortex, but there is no definite fibrosis. There 


is no new formed elastic tissue, and no deposit of caleium salts 
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Proroco, 6—Guinea-pig 36.—Eighty-sever injections of 0.25 mg. were given 
during one hundred and eight days, and the animal was killed on the one 
hundred and eighth day. The weight dropped from 572 gm. to 510 gm. No 
albumin was observed in the urine. 

Autopsy.—There was no congestion of the peritoneum, but a small amount 
of fluid was found in the peritoneal cavity. The liver, lungs, heart and adrenals 
showed no gross changes. The kidneys were rather large but norma! in color. 
Immediately beneath the capsule at the lower pole the left kidney contained 
a large cyst, about the size of a No. 6 shot, which was filled with a clear fluid. 
No other cysts were seen, and on section the kidney substance appeared quite 
normal. 

MICROSCOPIC EXAMINATION 

There is much more change in the kidney substance than one would have 
expected to find from looking at the gross specimen. There are many areas 
of round-cell infiltration and many areas of beginning fibrosis which extend 
to and correspond with definite though microscopic dimples on the surface of 
the kidney. There are rather numerous microscopic cysts which are derived 
from both glomeruli and tubules, and which contain a homogeneous exudate. 
Some of these cysts are surrounded by dense round-cell infiltration, and others, 
which are larger, have compressed the tubules which lie near them. Many of 
the eysts show merely a flattened band of epithelium which is degenerated and 
possesses very poor staining properties, and many of them have a definitely 
thickened basement membrane. Some of the glomeruli show thickening and 
hyaline degeneration of the basement membrane, while others contain exudate 
and desquamated cells. Many of the tubules are dilated and contain exudate 
and débris, and many of them are atrophied and show hyaline change in their 
basement membranes. No dense hyaline casts or newly formed elastic fibers 
are seen. There is no deposit of calcium salts. 


PROTOCOLS.—SERIES II 

Prorocot 1—Guinea-pig 21. (Figs. 4, 5 and 6.)—Six subcutaneous inje 
tions of 2.6 mg. were given during a period of seventy-seven days. The doses 
were given on the first, second, twenty-seventh, forty-seventh, sixtieth and 
seventieth days, and the animal died on the seventy-seventh day. No examina 
tion of the urine was made immediately after the first two doses. There was 
definite albumin exeretion for four days after the third dose, and two days 
later there was a faint trace for one day. Albumin was not observed again 
until after the sixth dose when it was present for the six days preceding 
death. There was rather marked irregularity of the chlorid and phosphate 
excretion in the urine throughout the experiment, with definite retention after 
the third and fifth doses, in the latter case occurring without any albuminuria. 
Following the sixth dose there was marked irregularity of the chlorids without 
definite retention, but there was a very definite phosphate retention. There 
was definite loss of weight after the second, third and sixth doses, and the 
animal dropped from 732 gm. to 455 gm. during the experiment. Figure 4 
shows the effects of the third, fifth and sixth doses. 


Autopsy.—The animal was rather thin. There was some congestion of 
the peritoneum but no fluid in the peritoneal cavity. The bladder contained 
about 5 ec. of urine which showed a trace of albumin, some leucocytes and 
many granular casts. The kidneys were about normal in size with little fatty 
capsule. They were pale in color, slightly mottled, and showed numerous un- 
even depressions on the surface. On section there was no bulging and no 
edema, and the cortex was paler and narrower than normal. There was a 
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considerable amount of fluid in the pericardial sac. The other organs appeared 
normal in the gross except for a large bunch of cysts which were attached to 
the cystic duct. 

MICROSCOPIC EXAMINATION, 

There is a very definite sclerotic change involving the greater part of the 
cortex, although it is most marked near the junction of the cortex and medulla. 
From this deeper part numerous processes pass out towards the margin, and 
in some places correspond to definite dimples on the kidney surface, though in 
the majority of cases there is a narrow layer of more or less normal cortex 
between these processes and the margin. There are a few small cysts scattered 
throughout the cortex, the majority of which are glomerular in origin. There 
are very marked degenerative changes in the glomeruli. In most cases there 
is very little damage to the tufts, but in a few cases there are varying degrees 
of proliferation of the connective tissue, and in a few there is complete destruc 
tion with hyaline degeneration. The capsules are very much thickened with 
swollen hyaline basement membranes, and with some proliferation of the 
endothelium. There are no desquamated cells or exudate in the intracapsular 
spaces. (Fig. 5.) Surrounding many of the capsules just external to the base 
ment membrane, there is a definite new formation of elastic tissue, which in 
some cases seems to be continuous with that of the small arteries of the cortex 
(Fig. 6.) In most cases there is very extensive connective tissue proliferation 
around the changed glomeruli, but in some cases the glomeruli secm to be isolated 
spots of fibrosis which are surrounded by quite norma] appearing parenchyma. 

The majority of the tubules are involved in the fibrotic changes described 
above, although at the margin of the cortex, and between the processes of fibrosis 
which extend to the surface, there are areas of tubules which show practically 
no change. The damaged tubules are in the main atrophied and compressed, 
in many cases being represented by bunches of poorly stained nuclei, but some 
are dilated, having flattened epithelium, and others are distinctly cystic. The 
dilated tubules contain a granuiar exudate and desquamated epithelial cells. 
The basement membranes in many cases are thickened and show hyaline de 
generation, but there is no elastic tissue proliferation around the tubules. 

The newly formed connective tissue is rich in nuclei throughout, and there 
are also areas of dense round-cell infiltration. There is a finely granular de 
posit of calcium salts scattered rather uniformly throughout the fibrotic areas 
in the cortex. The tubules in the medulla and in the medullary rays are 
somewhat dilated and contain desquamated cells, exudate, and some dense 
hyaline casts in their lumens. There is practically no proliferation of con 
nective tissue in the medulla, but there are a few scattered areas of caleium 
deposit. 

ProTOCOL 2—Guinea-pig 23. (Fig. 7.)—Six subcutaneous injections of 2.5 mg. 
were given during a period of seventy days. The doses were given on 
the first, second, thirty-fifth, fiftv-seventh, sixty-third and seventieth days, and 
the animal died on the seventy-third day. Albumin was present in the urine 
for four days after the fifth dose, and for the three days after the sixth dose 
which preceded death. Granular casts were found after the sixth dose. There 
was a definite increase in the amount of urine excreted during the last two 
weeks of the experiment, the output for the last eighteen days averaging 123 
c.c. per day as compared with 94 ¢.c. per day for the thirty-one days preceding. 
The exeretion of the salts increased somewhat with the inerease in the 


amount of urine, but the specific gravity for the last eighteen days averaged 
only 1019 as compared with 1022 for the preceding thirty-one days. There 
was a definite diminution in chlorids and phosphates after the third, fifth and 
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The animal lost weight after the second, third, fourth and sixth 
reaction 
shows 


sixth doses. 
dozes, dropping from 680 gm. to 412 gm. during the experiment. The 
was less marked after every injection than in Guinea-pig 21. Figure 7 
the reaction after the third, fifth and sixth doses. 

Autopsy.—The animal was emaciated, the peritoneum was somewhat con- 
gested, and there was a small amount of fluid in the peritoneal cavity. There 
was a small amount of urine in the bladder which showed some albumin and 
many granular casts. The kidneys were slightly swollen and mottled, and had 
no fatty capsule. On section there was some bulging of the cut surface and a 
slight uniform congestion of both cortex and medulla. The other organs ap- 
peared normal on gross examination. 


MICROSCOPIC EXAMINATION. 


There is remarkably little change as compared with that found in Guinea- 
pig. 21. The greater part of the cortex appears normal although a number of 
the glomeruli have thickened capsules with some proliferation of the endothe- 
lium. There is no exudate and no desquamation of endothelium into the cap- 
sular space. There is some increase in the connective tissue of the tufts and some 
hyaline change in the basement membranes of the capsules. but there is no 
new formation of elastic tissue. Some of the tubules are dilated, having flattened 
epithelium and containing exudate and débris in their lumens. There are a few 
casts in the loops of Henle, and a few areas of round-cell infiltration which 
are chiefly in the region of the larger veins. There are no definite areas of 
fibrosis, and there is no deposit of calcium salts. 

ProrocoL 3—Guinea-pig 28.—Seven subcutaneous injections of 2.5 mg. 
The animal survived and was 


were given during a period of ninety-four days. 
The injections were given on 


killed on the one hundred and forty-first day. 
the third, eighteenth, thirty-third, forty-sixth, sixty-ninth, eighty-sixth and 
ninety-fifth days. The urine was observed for a short time only in the early 
part of the experiment. Albuminuria was present after the fifth and seventh 
doses, and the chlorid and phosphate excretion was very irregular at this time. 
The animal lost weight after all except the third injection. The weight 
dropped from 580 gm. to 420 gm. during the period of injection, but increased 
to 610 gm. during the following forty-two days. 

Autopsy.—The animal was very fat, the peritoneum was not congested, 
and there was no fluid in the peritoneal cavity. There was a large amount of 
perinephrie fat, and the kidneys were rather small and mottled. In places the 
surface was distinctly dimpled, and in these areas the capsule was adherent. 
On section the cortex appeared paler than the medulla, and was narrower 
The small amount of urine in the bladder contained neither 


than normal. 
The other organs appeared normal on gross examination. 


albumin nor casts. 


MICROSCOPIC EXAMINATION, 

There are many patches of fibrosis scattered through the cortex, and some 
of these extend to the surface and correspond to the dimples on it. The 
fibrotic areas are not confined to the inner zone of the cortex, but are irregular- 
ly seattered through it. There are a good many small eysts, most of which 
are glomerular in origin. The majority of the glomeruli have thickened cap- 
sules, some have proliferation of the endothelium, and other show some fibrosis 
of the tufts. There is no exudate into the intracapsular spaces. There is 
hyaline degeneration of the thickened basement membranes of the capsules, 
formation of elastic tissue. In the areas of 


and in some cases there is a new 
fibrosis there are bunches of glomeruli which show the changes described, and 


rai 
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seattered through the more normal appearing cortex there are many single 
glomeruli which show a similar condition. The convoluted tubules do not 
show much atrophy except in the sclerotic areas, but around the changed 
glomeruli there are some dilated tubules with flattened epithelium which have 
exudate and desquamated cells in their lumens. The collecting tubules and the 
loops of Henle also contain exudate and a few cells. There is some hyaline 
degeneration of the basement membranes of the tubules in the fibrotic areas, 
but there is no new formation of elastic tissue. There is some deposit of 
calcium salts in the medulla, but none in the cortex. 


Proroco, 4—Guinea-pig 34.—Six subcutaneous injections of 2.5 gm. were 
given during a period of eighty-three days. The doses were given on the 
second, twenty-second, thirty-sixth, forty-sixth, sixty-fifth and eighty-third days, 
and the animal died on the ninety-seventh day. The urine was observed for a 
short time only. Albumin was found after the fifth and sixth doses, and the 
excretion of salts was very irregular. The animal lost weight after the second, 
third, fourth, fifth and sixth doses, and continued to lose weight during the 
fourteen days which preceded death. The total loss of weight was from 547 
gm. to 250 gm. The reaction after each injection was very severe, the animal 
becoming acutely ill each time. 

Autopsy.—The animal was very thin and the peritoneum was somewhat 
congested, but there was no fluid in the peritoneal cavity. A very small 
amount of urine in the bladder gave a definite test for albumin, but unfortu- 
nately an examination for casts was not made. The kidneys were very small 
and distinctly granular, but had no fatty capsule. The capsule was rather 
firmly adherent to the surface of the kidney. On section the kidney substance 
was firm, the cortex thin and pale, and the medulla dark. The other organs 
appeared normal on gross examination. 


MICROSCOPIC EXAMINATION 


There is very definite proliferation of the connective tissue throughout 
the cortex with marked destruction of the glomeruli and tubules. The glomeruli 
show marked thickening of the capsules with hyaline degeneration of the base 
ment membranes and new formation of elastic tissue. There is definite in- 
crease in the connective tissue of the tufts, which appear much more dense 
than in any of the other cases. Many of the tubules are atrophied and 
shrunken; others are dilated, having flattened epithelium, and contain exudate 
in their lumens. There is very little desquamation of the epithelial cells. 
There are very dense hyaline casts in the loops of Henle and in the smaller 
collecting tubules. The connective tissue proliferation is very widely dis- 
tributed and extends well down into the medulla where it separates the tubules 
in a rather marked degree. The connective tissue is sparsely nucleated and 
there are no areas of round-cell infiltration. There is very marked calcium 
deposit in both medulla and cortex, the caleification being so marked as quickly 
to destroy the edge of the knife when cutting sections. 


PrRoTOcoL 5—Guinea-pig 37.--Six subcutaneous injections of 2.5 mg. were 


given during a period of one hundred and eleven days, and the animal was 


killed on the one hundred and thirty-fourth day. Albumin was present in the 
urine after the first, fifth and sixth doses, the only times at which observa 
tions were made. There was definite retention of salts after the first dose, 


and a very irregular excretion after the fifth and sixth doses. There was a 
definite increase in the amount of urine excreted during the latter part of the 
experiment. During the first nine days the average output was 89 c.c. per day 
with an average specific gravity of 1020, and during the last fifteen days the 
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average excretion was 109 ¢.c. per day with an average specific gravity of 
1018. The animal lost weight after the first, third and sixth doses, dropping 
from 495 gm. to 405 gm. during the experiment. 

Autopsy.—A small amount of fluid was found in the peritoneal cavity, 
but the bladder was practically empty. The kidneys were small, somewhat 
pale in color, and were slightly granular on the surface. On section there was 
no bulging and no edema, the consistency was somewhat more resistant than 
normal, and the cortex was rather narrow. 


MICROSCOPIC EXAMINATION 

There is a very marked fibrosis -of the cortex of the kidney with ex- 
tensive destruction of the tubules and glomeruli. The new formed connective 
tissue is very rich in cells, and is quite diffuse. It is most marked in the inner 
zone of the cortex, but there are many processes which extend to the surface 
of the kidney, and which correspond to the dimples on the surface. The ma- 
jority of the glomeruli show thickening of their capsules, proliferation of their 
endothelium, and hyaline degeneration of their basement membranes. Many 
of the tufts are condensed and fibrous, and a few show more or less hyaline 
change. There are many small glomerular cysts, some of which contain exu- 
date, and there is new-formed elastic tissue around some of the glomeruli. 
In some areas the tubules appear fairly normal, but in many places they are 
dilated, have flattened epithelium, and contain exudate in their lumens, and in 
other places they are more or less completely atrophied, in some places being 
represented by bunches of poorly staining nuclei. The loops of Henle and the 
collecting tubules contain exudate and débris, and many of the loops contain 
dense, fragmented, hyaline casts. There is some hyaline degeneration of the 
basement membranes of the shrunken tubules, but there is no newly formed 
elastic tissue around them. There are many areas of calcification in the 
cortex, and some in the medulla. 


PROTOCOLS,—SERIES III 

Proroco, 1—Guinea-pig 32.—-A single injection of 5 mg. was given sub- 
eutaneously, and the animal died four days later. The loss in weight was 
about 25 gm. 

Autopsy.—The peritoneum was slightly congested, but there was no fluid 
in the peritoneal cavity. The kidneys were dark in color, and larger and less 
firm than normal. The capsule stripped easily. On section there was definite 
bulging of the cut surface and some edema, and both cortex and medulla were 
distinetly congested. 

MICROSCOPIC EXAMINATION 

There is very marked congestion of the kidneys and an extreme degree of 
damage to the convoluted tubules, but there is very little change in the 
glomeruli. The only indication of interstitial change is seen in a few areas 
of round-cell infiltration around some of the small veins. The glomeruli are 
practically normal in appearance, although there is slight congestion of the 
tufts, and in a few cases some exudate into the intracapsular space. There is 
no thickening of the capsule, and no desquamation or thickening of the capsular 
endothelium. The convoluted tubules are practically all enormously degen- 
erated; many of them are dilated with their epithelium flattened and their 
lumens filled with exudate, and many are practically denuded of their epithe- 
lium. Those tubules where the damage is less severe show cloudy degeneration 
of the cells and almost complete obliteration of their lumens. The ascending 
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limbs of Henle’s loops are greatly dilated and contain exudate and desquam- 
ated cells, and the smaller collecting tubules also contain considerable débris. 
A few hyaline easts are seen in the tubules. There is no deposit of ealeium 
salts. 

ProtocoL 2—Guinea-pig 48.—A single injection of 5 mg. was given sub 
cutaneously, and the animal died five days later. There was a very heavy 
excretion of albumin in the urine for the four days preceding death, and there 
was also some copper-reducing substance which gave a very marked “sugar” 
reaction, for three days preceding death. The animal dropped in weight from 
570 gm. to 295 gm. 

Autopsy.—The peritoneum was congested, but there was no fluid in the 
peritoneal cavity. The kidneys in the gross and microscopically were prac- 
tically the same as those described in Protocol 1 of this series. 

Proroco, 3—Guinea-pig 16—A single injection of 5 mg. was given sub 
cutaneously, and the animal died on the eighth day. The weight dropped from 
530 gm. to 380 gm. No analysis of the urine was made. 

Autopsy.—There was marked congestion of the peritoneum, but no fluid in 
the peritoneal cavity. The kidneys were swollen, and on section showed some 
edema and some bulging of the cut suriace. The capsule stripped easily. The 
other organs showed no gross changes. 


MICROSCOPIC EXAMINATION 

There is very definite congestion of the arterioles and of the glomeruli. 
There are numerous rather large cysts seattered throughout the cortex, many 
of which are tubular in origin though some are glomerular. Many of the 
glomeruli are unchanged except for the congestion of the tufts, but some have 
exudate into the glomerular capsule, a few show some proliferation of the 
eapsular endothelium, and an occasional one shows some thickening of the 
basement membrane of the capsule. The majority of the tubules show very 
little change except for some cloudy swelling of the epithelium. Some of the 
tubules are dilated, having flattened epithelium, and containing exudate and débris 
in their lumens, and some of them show calcium deposit in the cells of the tubules 
and in the desquamated cells in their lumens. The loops of Henle and the 
smaller collecting tubules have some exudate in their lumens, and a_ few 
contain hyaline casts. There are a few areas of round-cell infiltration and a 
good deal of calcium deposit in the cortex. There is no new formation of 
elastic tissue. 

Proroco, 4—Guinea-pig 19. (Fig. 8).—A single injection of 5 mg. was 
given subcutaneously, and the animal was killed on the twenty-fifth day. The 
weight dropped from 545 gm. to 360 gm. during the first fifteen days, but 
increased to 405 gm. during the following ten days. No analysis of the urine 
was made. 

{utopsy—There was no congestion of the peritoneum, but there was a 
small amount of fluid in both the pleural and peritoneal cavities. Neither 
kidney had any fatty capsule. The right kidney was slightly swollen and very 
pale though mottled in color. On section there was some bulging of the cut 
surface which had a peculiar grayish color. There was a fine striation of 
caleareous infarction along the outer margin of the medulla. The left kidney 
was much smaller than the right, and was chalky white in color. On section 
the whole cut surface of the kidney was uniformly white and the pelvis of the 
kidney was filled with a milky white fluid which contained a few leucocytes, 
and numerous small white globules which dissolved with effervescence in dilute 
acid. The other organs showed no gross changes. 
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MICROSCOPIC EXAMINATION 

The type of change found is very similar in both kidneys, but has pro- 
gressed much farther in the left than in the right. The right kidney shows 
an outer zone of cortex (about one-half the width of the cortex), in which 
there is very little change in either the glomeruli or the tubules. The inner 
half of the cortex, however, shows very definite change. The capsules of the 
glomeruli are very much dilated, forming small cysts. There is no thickening 
of the basement membrane of the glomeruli, and except in a few cases there 
is no proliferation of the endothelium. The tufts are slightly shrunken but not 
collapsed, and they show no increase in their connective tissue elements. The 
intracapsular space is dilated to about five-thirds its original size, and in most 
cases does not contain any exudate. (Fig. 8.) 

The tubules of the inner zone show varying degrees of change. Some are 
dilated, having flattened epithelium and containing exudate in their lumens, while 
others are cOllapsed and show a moderate though not an advanced degree of 
atrophy of the epithelium. In these areas the tubules are separated by a 
recent cellular proliferation of the interstitial tissue. There are very many 
fragmented hyaline casts in the ascending limbs of Henle’s loops, and there is 
exudate and desquamated cells in some of the collecting tubules. There are a 
few small patches of degenerated tubules in the outer zone of the cortex which 
show some increase in their cellular elements, and which correspond to micro- 
scopic dimples on the surface of the kidney. There are many large areas of 
round-cell infiltration in the inner zone of the cortex which are mostly situated 
in the neighborhood of the larger veins. There is no hyaline change in the 
basement membranes of the glomerular capsules or of the tubules, and there 
is no new formation of elastic tissue. 

The left kidney, which was the smaller, presents a much more advanced 
degree of change. The condition described in the inner zone of cortex in the 
right kidney, is found throughout the whole cortex of the left kidney, so that 
there is practically no normal appearing parenchyma left. Almost all the 
glomerular capsules are dilated and show no thickening of their basement mem 
branes, although a very few have a slight proliferation of the endothelial cells. 
Practically all the tubules are degenerated, some being dilated and containing 
exudate and desquamated cells, while others are collapsed and more or less 
completely atrophied. Many of the loops of Henle contain casts, some of which 
are hard and fragmented, and many of the collecting tubules contain exudate 
and desquamated cells. There is definite increase in the intertubular connective 
tissue, and there are mary areas of round-cell infiltration. There is no hyaline 
degeneration of the basement membranes of either the tubules or the glomer 
uli, and there is no new formation of elastic tissue. There are several areas 
where caleium granules are seen inside the cells of the degenerating epithelium. 

Proroco, 5—Guinea-pig 338. (Fig. 9.)—A single injection of 5 mg. was 
given subcutaneously, and the animal was killed in one hundred and seventeen 
days. No analysis of the urine was made. The weight dropped from 520 gm. 
to 387 gm. during the first ten days, but subsequently increased to 505 gm. 


Autopsy.—The peritoneum was not congested, but there was a small 
amount of fluid in the peritoneal cavity. Both kidneys were small, the left 
being smaller than the right, and both were red in color, distinctly granular, and 
surrounded by a well marked fatty capsule. The true capsule was adherent in 
both kidneys, and on section the cortex appeared narrower than normal. There 
was no bulging of the cut surface and no edema. 
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MICROSCOPIC EXAMINATION 


The picture presented is that of an advanced interstitial nephritis. There 
is very great destruction of the renal tissue, marked proliferation of the con 
nective tissue, extensive cyst formation, and definite irregularity of the surface 
of the kidney. (Fig. 9.) The most marked degree of change is in the inner 
zone of the cortex, but large areas of fibrosis extend to the surface and cor- 
respond to the depressions on it. The glomeruli show very marked change 
throughout. In the inner zone of the cortex many of them are cystic, varying 
in size of from two to three times their normal diameters. Some of them are 
empty, some show remnants of their more or less compressed tufts, and others 
contain exudate and desquamated cells. Their capsules show considerable 
thickening, notwithstanding the fact that they are so greatly distended. The 
glomeruli in the peripheral zone are about normal in size, but there are prac 
tically none which do not show more or less definite change. The tufts com 
pletely fill the intracapsular spaces, and show some fibrosis and some frag 
mentation of the nuclei, but no hyaline change. The capsules are very much 
thickened, there is definite hyaline degeneration of the basement membranes, 
and in many cases marked proliferation of the endothelial layer. Many of the 
glomeruli and cysts are surrounded by newly formed elastic tissue which is 
situated immediately outside the thickened basement membrane. 

The convoluted tubules are also very much damaged. There are a few 
small areas where the tubules have a fairly normal appearance, but even here 
there is an increased number of intertubular nuclei, and in many cases the 
tubule is completely isolated by a thin but definite layer of connective tissue 
which surrounds it. The vast majority of the tubules are atrophied and 
shrunken, being represented by a ring of small misshapen nuclei. In some 
eases there is a small lumen which contains a granular exudate and desquam- 
ated cells, but there is no dilatation of the convoluted tubules. Many of the 
degenerated cells contain a fine granulation of caleium deposit, and the base- 
ment membranes of the atrophied tubules show marked hyaline degeneration. 
Many of the ascending limbs of Henle’s loops are dilated to several times their 
normal diameter, and are lined by very much flattened and degenerated epithe 
lium. Many of these tubules are empty, but some of them contain exudate and 
desquamated cells, and others contain dense, fragmented, hyaline casts. Many 
of the collecting tubules contain exudate and débris. 

There is very marked proliferation of a richly cellular connective tissue 
especially in the cortex where it extends to the surface and corresponds to the 
depressions which are found on it. There are very detinite areas of round-cell 
infiltration, some of which are associated with the larger veins. There are 
some areas of calcium deposit in the medulla. 


Proroce. 6—tuinea-pig 35. (Fig. 10.)—A single injection of 5 mg. was 
given subcutaneously, and the animal was killed on the one-hundred-and-seven 
teenth day. The weight dropped from 540 gm. to 460 gm. during the first eight 
days, but had increased to 530 gm. at the time of death. No analysis of the 
urine was made. 


Autopsy.—The animal was fat and there was no congestion of the peri 
toneum. There was a small amount of fluid in the peritoneal cavity. The 
kidneys were somewhat swollen and rather pale. The left kidney had a large 
cyst, about the size of a BB shot, situated in the upper pole at the inner 
margin of the cortex. The other organs showed no changes visible on gross 


examination. 
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MICROSCOPIC EXAMINATION 


The type of change closely resembles that described in Protocol 5, although 
it is much less marked in degree. There is rather extensive fibrotic change in 
the inner zone of the cortex, but only in a few places does the fibrosis extend 
to the surface of the kidney and cause a depression on it. ‘There are much 
larger areas of normal appearing cortex, but here too, there are many tubules 
which are completely surrounded by thin processes of connective tissue. Many 
of the glomeruli in these areas show little if any change, but some have 
thickened capsules with proliferation of the endothelial layer. In the inner 
zone, however, the condition closely resembles that found in Guinea-pig 33. 
There is definite cyst formation, extreme atrophy of the tubules, marked pro- 
liferation of the connective tissue, and thickening of the glomerular capsules. 
(Fig. 10.) There is no marked dilatation of the loops of Henle, but many of 
them are filled with exudate and desquamated cells, and others contain dense 
fragmented casts. Many of the collecting tubules contain exudate and débris. 
There is marked hyaline degeneration of the basement membranes of the 
thickened capsules and atrophied tubules, and there is definite new formation 
of elastic tissue around some of the glomeruli. There is some granular calcium 
deposit in the degenerating epithelium, and some scattered areas of calcification 
in the medulla. 

Proroco. 7—Guinea-pig 47.—A single injection of 5 mg. was given sub- 
eutaneously, and the animal was killed on the two-hundred-and-fortieth day. 
The weight dropped from 580 gm. to 335 gm. in the first ten days, but had in- 
creased to 475 gm. on the seventeenth day. It was not observed at time of 
death. There was a steady decrease in the amount of urine during the first 
twelve days until there was almost complete anuria. Albumin appeared in the 
urine on the third day after the injection and was still present on the seven- 
teenth day. The “sugar” reaction appeared on the third day and lasted four 
days. No further examinations of the urine were made during the life of the 
animal, but after death there was a small amount of urine in the bladder 
which contained a few leucocytes, some epithelium and a few granular casts. 

{utopsy.—The animal was very fat, the peritoneum was slightly congested, 
and there was a small amount of fluid in the peritoneal cavity. The kidneys 
were not swollen but were somewhat pale and rather mottled. The capsule 
stripped easily. On section there was no bulging of the cut surface and no 
edema. The other organs appeared normal on gross examination. 


MICROSCOPIC EXAMINATION 
The cortex of the kidney shows many small cysts which are mostly glomer- 
ular in origin. Many of the glomeruli have thickened capsules with hyaline 
degeneration of their basement membranes, and a few are surrounded by 
newly formed elastic tissue. Many of the convoluted tubules are dilated, having 
flattened epithelium and containing exudate and desquamated cells in their lumens, 
und many of the loops of Henle are blocked with dense, fragmented, hyaline 
casts. There is no marked diffuse new growth of the intertubular connective 
tissue, and there are no areas of round-cell infiltration. There are a few 

areas of caleium deposit occurring chiefly in the medulla. 


Proroco. 8—Guinea-pig 44.—A single injection of 5 mg. was given sub- 
cutaneously, and the animal died on the two-hundred-and-twenty-fourth day. 
The weight dropped from 510 gm. to 440 gm. during the first six days, and 
the animal weighed 385 gm. at time of death. There was no decrease in the 
amount of urine excreted after the injection, but there was definite albuminuria 
commencing on the second day and persisting throughout the seven days during 
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which observations were made. The “sugar” reaction appeared on the second 
day and lasted for four days. The animal gained weight rapidly after the 
first ten days, and remained in apparently good health until within a few 
days before death. 

Autopsy.—The peritoneum was slightly congested, and there was a small 
amount of fluid in the peritoneal cavity. The kidneys were somewhat swollen 
and mottled, and the capsule stripped easily. The cortex appeared normal. 
There was no urine in the bladder. 

MICROSCOPIC EXAMINATION 


The appearance is very much the same as that described in Protocol 7, 
although there is not quite so much glomerular change. There are many 
normal glomeruli, but there are also many glomerular cysts, and many glomer 
uli with thickened capsules, hyaline basement membranes, and new formed 
clastic tissue. Some of the convoluted tubules are dilated and have exudate 
and débris in their lumens. Many of the loops of Henle are blocked by dense, 
fragmented casts, and many of the collecting tubules contain exudate and 
cesquamated cells. There are some small areas of fibrosis which are rich in 
nuclei, and which in some places correspond to dimples on the surface of the 
kidneys, but there is no diffuse proliferation of the intertubular connective 
tissue. There is some deposit of calcium salts in the medulla. 


DISCUSSION 

Before discussing the significance of the foregoing experiments 
it may be well to refer briefly to an objection whieh will undoubtedly 
be raised. It is well known that small animals are subject to spon- 
taneous kidney lesions, and that conditions are oecasionally found 
which more or less closely resemble that of chronic interstitial neph- 
ritis in man. In view of this fact one must be careful that a condition 
which may be coincident with, be not interpreted as resultant from 
the administration of some renal irritant. 

In our series of experiments sixteen animals which died as a result 
of acute poisoning with uranium nitrate and four which were killed 
as normal controls were carefully examined for evidences of chronic 
lesions. Of these twenty animals not one showed any condition which 
at all resembled those described above (excepting, of course, the two 
acute cases described in Protocols 1 and 2 of Series III). In one ani- 
mal which succumbed to acute poisoning a single glomerulus was 
found which showed slight thickening of the endothelium, but in no 
case was there any thickening of the capsule or hyaline degeneration 
of the basement membrane, and in none of the kidnevs of the normal 
controls was there any appearance of round-cell infiltration. 

On the other hand, in Series I, in which eight animals were sub- 
jected to experiment, one was killed after a few injections but before 
anything was found, one died from acute poisoning with sodium chlo- 
rid and so could not be included in the series, and the other six are 
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reported. And in Guinea-pig 31 which died from sodium chlorid 
poisoning, the kidneys showed glomerular and tubular lesions which 
were undoubtedly not due to the terminal insult. 

In Series II, in which seven animals were injected, five are reported. 
One animal, No. 29, received seven injections but showed practically 
no reaction at any time, and, when killed after one hundred and thirty- 
four davs, showed no definite or characteristic lesions. Another ani- 
mal, No. 38, was killed by an overdose of sodium chlorid and so coul: 
not be included in the series. Animals 21, 28, and 34 which showed 
the most marked reaction during life showed also the most severe kidney 
lesions after death. 

In Series III, in which fourteen animals were injected, two died 
within five days and are reported as examples of acute poisoning, two 
were lost, and six of the others are reported. In only one instance, 
Animal 20, was there a complete absence of kidney lesion; the other 
three all showed definite changes which in kind, though not in degree, 
resembled those described in the cases reported. 

Now when it is considered that in the examination of twenty ani- 
mals which had not been subjected to experiment not one was found 
which showed any chronie lesions; that out of twenty-seven animals 
subjected to treatment only two failed to show some definite and char- 
acteristic change; and that in all three series those animals which 
reacted most actively during life showed the most marked degrees of 
change after death; I think I am justified in assuming that the lesions 
which were found were due to the administration of Uranium Nitrate. 

From 1885 to 1889 Chittenden with Hutchinson and Lambert"* 
investigated the pharmacology of uranium nitrate, and noted that in 
dogs it produced acute parenchymatous nephritis which was asso- 
ciated with albuminuria and later with glycosuria. It was not until 
after Richter’s report® in 1904, however, that especial attention was 
paid to the action of this drug as a renal irritant. Since that time it has 
heen extensively used in the production of experimental nephritis, but the 
attention of investigators seems to have been almost exclusively focused 
upon a study of the process of edema formation which is associated 
with acute poisoning with this drug. Indeed if I exelude Siegel's"? 
reference to an incipient chronie change in the kidneys of a single 
dog, 1 have been unable to find any reference in the literature to the 
use of uranium nitrate in attempts to produce chronic nephritis in 


animals. 


18. Chittenden and others: Cited from Tylecote: Pharmacology and ther- 
apeuties of uranium. Med. Chron., Manchester, 1904, 379. 
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Schlayer and Hedinger’® and Takayasu*® have investigated the 
reaction of normal and damaged kidneys to stimuli of various kinds, 
and they found that kidneys damaged by uranium nitrate, together 
with those damaged by potassium bichromate and corrosive sublimate, 
constitute a group which they designate as “tubular,” in contrast to 
those damaged by cantharidin and arsenic, which they designate as 
“vascular.” Histologically they found that in the tubular group of 
nephritis the epithelium of the tubuli contorti suffered the greatest 
damage, while that of the straight and collecting tubules remained 
intact. They also found slight injury to the Malpighian corpuscles, 
but they state that this was more marked in those kidneys which were 
poisoned by potassium bichromate. Takayasu*® says that the tubular 
change is the characteristic feature of the tubular group, and that the 
glomeruli show definite changes only comparatively late. He says 
that even in cases of severe functional disturbance there is very slight 
damage to the glomeruli. Desquamation of the capsular endothelium 
is seen in only a few cases, and in very slight degree. The blood con- 
tent of the glomeruli is normal, and there is no change in the tufts. 
There is no increase in the number of the nuclei in the glomeruli 
although in some cases they show distinct enlargement and loss of 
staining power. He points out, however, that these latter changes are 
especially seen in the bichromate kidneys, and that they are present 
in a much less degree in the uranium and corrosive sublimate kidneys, 
not more than 20 per cent of the nuclei of the uranium kidneys being 
so changed. 

Christian™* has recently reported the occurrence of small round 
or oval, homogeneous, hyaline droplets, which he found in the glomeru- 
lar tufts of thirteen out of twenty-six rabbits examined, and of these 
thirteen, eleven were animals which had been poisoned by uranium 
nitrate. ‘The droplets appear in the wall of the capillaries which 
make up the glomerular tufts, and do not occur in the lumen of the 
capillaries, or in the space between the tuft and the capsule of the 
glomerulus, or in the endothelium of Bowman’s capsule. 

Protocols 1 and 2 in Series III describe the histologic picture 
which I found in the acute intoxications. The convoluted tubules 


19. Schlayer and Hedinger: Experimentelle Untersuchungen iiber toxische 
Nephritis. Deutsch. Arch. f. klin. Med., 1907, xe, 1. 

20. Takavasu: Ueber der Beziehungen zwischen anatomischen Glomerulus- 
veriinderungen und Nierenfunktion bei experimentellen Nephritiden. Deutsch. 
Arch. f. klin. Med., 1907, xeii, 127. 

21. Christian: A glomerular lesion of experimental nephritis. Boston 
Med. and Surg. Jour., 1908, elix, 8. 
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and the ascending limbs of Henle’s loops showed early and marked 
degeneration, and contained exudate and desquamated cells. The 
epithelium of the ascending limbs of Henle seemed to be the earliest 
cells affected, and there was marked degeneration and desquamation 
of these cells while those of the convoluted tubules were still relatively 
intact. The collecting tubules contained exudate and débris, but 
showed no degeneration of the epithelium. There was some conges- 
tion of the glomeruli, and slight exudate into the intracapsular space 
in a few cases, but we did not observe the nuclear changes described 
by Takayasu or the hyaline droplets described by Christian. There 
was some change in the interstitial tissue as was shown by the areas of 
round-cell infiltration in those cases which survived for a few days, but 
there was no thickening of the glomerular capsules, and no visible 
increase in the intertubular connective tissue. The feature to which 
I would draw especial attention in the acute poisoning is the extreme 
degree of change in the tubules, and the very insignificant amount of 
change in the glomerular tufts and capsules. 

In Series I, in which repeated small doses were given, the results 
obtained, while perhaps not very marked, were sufficiently uniform and 
striking to justify further observations over a longer period of time. 
It is unnecessary to repeat in detail the picture described in the proto- 
cols, but IL may briefly draw attention to the following facts. Five 
of the six animals reported showed albuminuria at some time during 
the course of the experiment, and of the three which died as a result 
of the injections, two showed very definite anuria before death. At 
autopsy five were found to have a certain amount of ascites, and of the 
four cases where urine was present in the bladder, in one the urine 
contained albumin but no casts, in two it contained albumin and 
granular casts, and in the fourth it was clear. In three cases the 
kidneys were about normal in size and color, and in the other three 
they were somewhat swollen. In two of the latter three cases the color 
was darker than normal and mottled, while in the other it was rather 
pale. In every case the capsule stripped easily. 

The microscopic picture (Figs. 1, 2, and 3) was very similar in 
all the kidneys although the degree of change present was more 
marked in some. The glomerular tufts were dilated and completely 
filled the capsule in every case. Many of the glomeruli were apparent- 
ly normal, but in each case there were some capsules which showed 
thickening and hyaline degeneration of the basement membrane, and 
some proliferation of the endothelial layer. There was distinct cystic 


formation of the glomerular capsules in five cases, and new formation 
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of elastic tissue around some of the glomeruli in one. There was 
more or less degeneration of the tubules in all, with atrophy of the 
epithelium and dilatation of the lumens in which were exudate and 
desquamated cells. The greater number of the tubules appeared nor- 
mal, and the areas of degeneration which were present were more or 
less closely associated with the areas in which the glomeruli were most 
severely damaged. ‘There were distinct areas of round-cell infiltration 
in every case, occurring chiefly near the larger veins at the inner mar- 
gin of the cortex, but in two cases there was definite infiltration in 
the region of the damaged glomeruli. The greatest amount of tubular 
change was found associated with these areas of round-cell infiltration. 
In four of the cases there was no definite increase in the intertubular 
connective tissue, but in the other two there was definite fibrosis in 
the medullary rays which extended to the surface and corresponded 
with distinct though microscopic dimples on it. There was deposit 
of calcium salts in two cases. 

These results would indicate that long-continued, mild intoxica- 
tion with uranium nitrate will produce a beginning fibrosis in the 
kidneys. It would seem that the condition is progressive, and it is 
interesting to note that the animal which showed the greatest amount 
of fibrosis in the kidneys had received the greatest number of injec- 
tions. The picture rather closely resembles that described by Weigert 
in subgroup 1 of the “chronic hemorrhagic with heart hypertrophy,” 
and although I am unable to say that the animals’ hearts were hyper- 
trophied, I believe that the kidneys of this series mav be classed under 
that heading. 

In Series Ii the results obtained were just as constant and much 
more striking. Each injection was sufficiently strong to produce a 
definite subacute attack of nephritis from which the animal usually 
recovered. A glance at the charts, Figures 4 and 7, will give sony 
idea of the results of each injection. In nearly all cases there was a 
definite albuminuria with more or less retention of the chlorids and 
phosphates. There was definite loss of weight after almost every in- 
jection. In two cases there was definite polyuria towards the end of 
the experiment, and similar comparison could not be made in two of 
the remaining cases because the animals had not been kept in the 
metabolism cages for a sufficiently long time. As stated above, I was 
unable to find casts in the twenty-four-hour samples of urine except 
on rare occasions, but in two of the four cases in which there was 
urine in the bladder after death, numerous granular casts were found, 
and in one of the other cases in which the urine was rich in albumin, 
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a microscopic examination was unfortunately not made. In only one 
case Was the urine obtained in the bladder free from both albumin and 
casts. At autopsy only two of the animals had any fluid in the peri- 
toneal cavity, but in four there were distinct macroscopic dimples in 
the cortex of the kidneys to which the capsule was adherent, and in one 
of these the kidneys were small, pale and distinctly granular. 

The microscopic picture (Figs. 5 and 6) showed marked prolifera- 
tion of the interstitial connective tissue with distinct dimpling of the 
surface of the kidney and marked tubular and glomerular destruction. 
In one case the new growth of fibrous tissue seemed to be more marked 
in the inner zone of the cortex, but in the other four it was quite 
diffuse, and in two cases it extended to the intertubular connective 
tissue in the medulla. The most striking feature was the advanced 
degree of glomerular change, a fact that is all the more remarkable 
when we remember that in the acute intoxication there was compara- 
tively little involvement. The glomerular changes included thicken- 
ing of the capsules with hyaline degeneration of the basement mem- 
branes and proliferation of the endothelium in every case, new 
formation of elastic tissue around some of the glomerular capsules in 
four cases, cystic formation in three cases, rather marked proliferation 
of the connective tissue of the tufts in two cases, and complete hyaline 
degeneration of a few of the tufts in one case. The convoluted tubules 
were severely damaged in four cases, and moderately so in one. There 
was marked atrophy and practical obliteration of many of the tubules. 
and dilatation with degeneration of the epithelium in many others. 
The dilated lumens of the latter contained exudate and desquamated 
cells. Many of the ascending limbs of Henle’s loops were dilated and 
contained exudate and débris, and some of them were blocked by dense 
hyaline casts. The collecting tubules showed little damage to their 
epithelium but contained exudate and desqrvamated cells. The new- 
formed connective tissue was fairly rich in cells and there was round- 
cell infiltration in one case. The newly formed elastic tissue was 
found only around the damaged glomeruli outside the thickened base 
ment membrane, and in some cases it seemed to be continuous with 
the elastic tissue in the walls of the small arteries. There was some 
deposit of calcium salts in the medulla in two cases, and rich deposit 
in both medulla and cortex in two cases. 

The results obtained in this group show very definitely that follow- 
ing a series of subacute attacks of nephritis such as is produced by 


uranium nitrate there is marked and permanent damage to the kid- 
nevs. The marked increase in the interstitial tissue, the extreme 
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degree of tubular and glomerular change, and the occurrence of polyuria 
towards the end of the experiment, show a decided resemblance to the 
conditions found in chronic interstitial nephritis in man. Although 
I cannot say that the blood pressure was high, nor that there was 
definite hypertrophy of the left ventricle of the heart, vet the analogy 
to those conditions described by Weigert as the “most chronic” of the 
“chronic hemorrhagic with heart hypertrophy.” is, 1 believe, sufficient- 
ly strong to justify a classification under that heading. Indeed in the 
one case (Guinea-pig 21), one might almost be justified in classing 
the kidneys as true secondary contracted or granular atrophic kidneys. 

In Series IIT I can not draw comparisons as 1 have in Series [| and 
II, because of the difference of the duration of the experiments, and 
because I have no complete records of the urine excretion during the 
experiments. There was, however, this in common, viz., that in every 
case the animal was so ill for several davs after the injection that it 
was doubtful whether or not he would recover. I have already re- 
ferred to protocols 1 and 2 in my discussion of the microscopic picture 
in acute poisoning by uranium nitrate. Guinea-pig 16 (Protocol 3) 
and Guinea-pig 15 (which also died on the seventh day, but which 
is not reported in detail), show already a beginning proliferation of 
the endothelium of the glomerular capsules and numerous areas of 
round-cell infiltration, although the most striking feature is that even 
this early there is definite cystic formation of the glomeruli and also 
of the tubules. In Guinea-pig 19 (Protocol 4), Fig. 8, there is a very 
marked eystic formation which is chiefly glomerular in origin, and in the 
left kidney, which is the least damaged, it is seen that the condition 
apparently commences in the inner zone of the cortex. This is of 
interest because we shall see that the two most severely damaged 
kidneys of this group also show this characteristic. There is rather 
marked though recent new-formed connective tissue between the tu- 
bules, and the fact that the condition is progressive is evidenced by the 
areas of round-cell infiltration. The glomeruli show beginning pro- 
liferation of the endothelium in a few cases, but there is no definite 
thickening of the capsule, and no hyaline degeneration of the base- 
ment membrane. This kidney is interesting in that it undoubtedly shows 
an early stage of the condition to which we shall refer later, and that 
it also shows how early we may find well-marked proliferation of the 
interstitial tissue, and advanced evstic dilatation of the glomerular 
capsules. Guinea-pigs 33 and 35 (Protocols 5 and 6), Figs. 9 and 10, 


furnish examples of the more advanced changes. Both show advanced 


fibrosis of the kidneys with marked tubular and glomerular changes, with 
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the formation of cysts, hyaline degeneration of the basement mem- 
branes, and new formation of elastic tissue around some of the 
glomeruli. In Guinea-pig 35 the change is almost entirely confined to 
the inner zone of the cortex, although there are some processes which 
extend to the surface and correspond to distinct depressions on it. 
In Guinea-pig 33, however, the condition is much more general, and 
although there is greater cystic degeneration of the glomeruli in the 
inner zone of the cortex, yet almost all the cortex has undergone ex- 
tensive fibrotic change. In Protocols 7 and 8 we have changes which, 
although slight as compared with those in Guinea-pig 33, are never- 
theless definitely of the nature of chronic lesions. There is cyst forma- 
tion and rather extensive glomerular thickening, but there is no gen- 
eral increase in the intertubular connective tissue. 

A review of this series cannot fail to show that the lesions described 
in Protocols 4, 5, and 6 must be closely related; and the rather marked 
eystic change described in Protocol 3 would indicate that this must 
also be included. The results show definitely that following a single 
severe attack of parenchymatous nephritis, such as is produced by 
uranium nitrate, there may be severe and permanent damage to the 
kidneys which may go on so far as to result in the production of a 
granular, atrophic kidney. Protocols 5 and 6 show this most distinctly, 
and I think that Protocol 4 may also be included as showing an 
earlier stage of what must undoubtedly have resulted in a condition 
similar to that described in Protocol 5. The findings in Protocols 7 
and 8 would indicate that in other cases, although there may be a 
certain number of permanent chronic lesions produced in the kidneys, 
there must be a remarkable tendency to recuperation even after ex- 
ceedingly severe attacks of acute parenchymatous nephritis. 

The most striking feature in these three series is the extreme degree 
of glomerular change which is found in the kidneys that show chronic 
lesions. As I noted above, this is all the more remarkable when we 
remember the insignificant amount of damage to the glomeruli which 
is found in the acute intoxication with this drug. In Series I there 
is the possibility that the condition is due to the long-continued mild 
irritation of the repeated small doses, but in Series II and III this 
cannot be the explanation. In these two series the change is undoubt- 
edly secondary to the damage done by the acute poisoning, and in this 
it bears out Senator’s teaching that the whole tube system is damaged 
as a result of injury to any part of the system. Ponfick** believes that 


22. Ponfick: Ueber Morbus Brightii (Referat). Verhandl. d. deutsch. 
path. Gesellsch., 1905, ix, 49. 
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such a condition may be the result of a passive process in which the 
glomerulus becomes atrophied through disuse because of a prolonged 
plugging of the tubule by a dense hyaline cast. Miiller,* on the other 
hand, suggests that it may be a non-progressive fibrosis due to scar 
formation, in which the scar is the result of the injury to the paren- 
chyma by the primary acute attack. In my series, however, there is 
a quite constant feature which it may be well to mention, as it may 
tend to support Senator’s theory? that the secondary contracted kidney 
is the result of a progressive process because of some damage to the 
vascular system. In all the advanced cases of Series III, in four of 
the five cases in Series II, and in one case in Series I, new-formed 
elastic tissue fibers were found around some of the damaged glomeruli. 
Melnikow-Ruswedenkow** has described this condition in a series of 
diseased human kidneys in which he found the elastic tissue around 
the glomerular capsules, outside the thickened basement membrane. 
(In my cases it was invariably in this situation that the new-formed 
elastic tissue was found. See Fig. 6. In some instances in which 
it was found in a scar near the surface of the kidney, the elastic 
fibers seemed to be derived from the elastic tissue in the capsule of the 
kidney, but in all other cases the origin was in the walls of the blood 
vessels. He says definitely that its occurrence depends on the vascular 
system, that it may be present in either general or local circulatory 
disturbances, and that Bowman’s capsule is the most frequent seat 
because it stands in such intimate relation to the walls of the arterial 
branches. Hohenemser** demonstrated the presence of newly formed 
elastic fibers in the kidney tissue in seventeen cases of arteriosclerotic 
and chronic inflammatory kidneys. He says that it occurs only in the 
region of, and in closest dependence upon the blood vessels, and that 
in common the amount of elastic tissue present stands in direct rela- 
tion to the amount of shrinkage of the organ affected. Now in view 
of these explanations as to the origin of the new formed elastic tissue 
in the kidney (which, by the way, are all the references on the subject 
that I was able to find in the literature at my disposal), if wi 
consider also that in Series III the lesions appeared to commence and 
to be more severe in the inner zone of the cortex which is near to the 
large blood vessels, and that in all my cases of acute poisoning which 
showed round-cell infiltration, and in many of the cases in Series I, 
the areas of round-cell infiltration seemed to be in the neighborhood 


23. Melnikow-Ruswedenkow: Histologische Untersuchungen iiber die elas- 
tische Gewebe in normalen und in pathologische veriinderten Organen. Beitr. 
z. path. Anat. n. g. allg. Path. (Ziegler’s), xxvi, 564. 

24. Hohenemser: Ueber der Vorkommen von elastischen Fasern bei cirrhot 
ischen Prozessen d. Lebers und Niere. Virchow’s Arch. f. path. Anat., exl, 192 
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of the larger vessels, it may be that uranium nitrate causes some damage 
to the vascular system which so far we have been unable to demonstrate, 
and it may be that it is this vascular disturbance which is responsible 
for the secondary glomerular and tubular destruction. It is interesting 
to note in this connection that Heineke and Meverstein®* concluded 
from their observations on acute uranium poisoning that there must 
be some vascular change because of the occurrence of severe edema in 
cases in which there was very little renal damage.*® 

It is not my intention to try to explain the results obtained. I 
feel that perhaps I should apologize for suggesting a classification for 
the types described in Series IT and II, but I make that classification 
merely to emphasize the very close resemblance which exists between 
the lesions produced by uranium nitrate poisoning and those which are 
found in the various types of subacute and chronic diffuse nephritis 
in man. I believe | have demonstrated bevond question that it is 
possible to produce in animals conditions which closely resemble those 
found in subacute and chronic interstitial nephritis in man, and that 
during the development of these conditions I have in certain cases 
been able to demonstrate characteristic urinary findings. 


CONCLUSIONS 

1. By the use of uranium nitrate it is possible to produce in 
animals lesions which closely resemble those found in subacute and 
chronic diffuse nephritis in man. 

2. A long-continued mild intoxication with this drug will lead 
to the production of a “subchronic” (Weigert) interstitial nephritis 
which would appear to be progressive. 

3. A series of several attacks of subacute uranium nephritis wi!! 
lead to extensive fibrotic changes in the kidney which in some cases goes 
on to the stage of a granular atrophy. In a certain number of cases this 
condition is associated with the condition of polyuria. 

t. A single severe attack of acute parenchymatous nephritis may 
be followed after some weeks by a more or less severe fibrosis, which 
in some cases goes on to extreme granular atrophy. In other cases, 
however, the reeuperative power of the kidney is such that only a 


moderate fibrosis results. 


25. Heineke and Meyerstein: Experimentelle Untersuchungen jiber die 
Hydrops bei Nierenkrankheiten, Deutseh. Arch. f. klin. Med., 1907, xe, 101. 

26. It may be of interest to mention here that in one guinea-pig, No. 26, 
and in one rabbit (out of two injected), distinet plaques of intimal and 
medial thickening were found in the aorta near the aortic valves. The number 
is too small to draw any conclusions as the lesions may have been spontaneous, 
but careful examination will be made of the aorta in all our future cases. 


THE TREPONEMA PALLIDUM 
OBSERVATIONS ON ITS OCCURRENCE AND DEMONSTRATION IN SYPHILITIC 
LESIONS* 


BENJAMIN WHITE AND OSWALD T. AVERY 
BROOKLYN, 


The discovery by Schaudinn and Hoffmann’ in 1905 of a spirillum 
in various luetic lesions marked the beginning of a decided advance 
in our knowledge of the etiology of syphilis. The announcement of the 
discovery, while most conservative in its assertions, gave a fresh im- 
petus to the study of the many phases presented in the parasitology 
and pathology of this disease. A wide-spread interest was awakened 
and many investigators directed their attention to the problems in this 
new field of research. From the results of many of their observations 
we have already gained a new conception of the cause, course and 
treatment of lues. 

The organism found by Schaudinn and Hoffmann was first de- 
scribed by them under the name of Spirochata pallida, but a more 
intimate study of its morphology led them to forsake its classification 
under the spirochete and to rename it the Treponema pallidum. 
Much careful study has been given to the biologic nature of this 
organism, its demonstration and its behavior toward staining reagents. 
No less attention has been directed to observations on its occurrence in 
specific and non-specific lesions, and to the effect produced by both 
local and general treatment on its presence in such lesions. The evi- 
dence thus far available seems to show that this spirillum differs in 
its characteristics from all other known spirilla and thus probably con- 
stitutes a new species. Its absence from non-specific lesions and _ its 
almost constant presence in_ specific lesions are being demonstrated 
repeatedly, while its general disappearance from these lesions under 
local and systemic treatment is an observation reported from many 
sides. These facts adduced from such evidence would seem to estab- 
lish this organism as the actual infecting agent in syphilis. Owing 


*From the Department of Bacteriology, Hoagland Laboratory, Brooklyn. 

1. Sehaudinn and Hoffmann: Vorliufiger Bericht iiber das Vorkommen 
von Spirocheten in syphilitischen Krankheitsprodukten und bei Papillomen. Arh. 
a. d. k. Gsndhtsamte, 1905, xxii, 527.——Ueber Spirochata pallida bei Syphilis 
und die Unterschiede dieser Form gegeniiber anderen Arten dieser Gattung. Berl- 
klin. Wehnschr., 1905, No. 42, p. 673. 
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to the fact, however, that the Treponema fulfils only one of the con- 
ditions of Koch’s law—since, so far, all attempts to cultivate it have 
proved futile—we can make no definite statement concerning the speci- 
ficity of its role. 

Although this further confirmation is lacking, yet in the clinics 
and among the private practitioners in Europe, and to a small but 
increasing extent in this country, the presence of the Treponema in a 
suspected lesion is held as establishing the specific nature of the in- 
fection, and therefore its demonstration in such cases is considered 
as a valuable diagnostic aid. With the older methods of observation, 
on the other hand, often a delay of several weeks was necessary, de- 
pending on the appearance of secondary symptoms, before a definite 
diagnosis could be made. An early diagnosis is now asserted to be of 


distinct advantage in the treatment of this disease. 


I.—THE DEMONSTRATION OF THE TREPONEMA 


The inaccessibility of much of the literature, combined with the 
more or less unsatisfactory results obtained with the intricate and 
time-consuming staining methods, may account for the lack of initia- 
tive on the part of many of the medical men of this country to avail 
themselves of this aid to diagnosis. It is therefore the purpose of 
this paper to give a critical review of the various methods recommend- 
e| for staining the Treponema, to describe a simple and reliable proce- 
dure for its demonstration, and, further, to report a series of observa- 
tions made in about one hundred cases, both syphilitic and non- 
syphilitic in character. 

As a diagnostic measure, the recovery and demonstration of the 
Treponema pallidum from primary lesions is probably of greatest im- 
portance, and in this instance the attempt usually meets with a greater 
degree of success than is the case when later lesions are examined. 
Its presence in some of the secondary lesions is frequently less con- 
stant and its demonstration presents greater difficulties. Reports of 
positive findings in the pustules and ulcers of the tertiary stage are 
comparatively few in number. The recovery of the spirillum from the 
circulating blood in primary and secondary syphilis has been reported, 
but the nature of the technic renders any description unnecessary here. 

The untreated chancres, the condylomata, the mucous patches and 
moist papules offer the most promising field for investigation, but the 
precise nature of the material to be obtained from these lesions is of 


primary importance. Many failures to demonstrate the Treponema are 
traceable to the faulty manner of preparing the specimen rather than 
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to the method of staining employed. Some authors advise that a 
small incision be made in the lesion with a lance or a Hagedorn 
needle, and the resulting drop of blood spread in a thin film on a 
cover glass or slide. This method is not always feasible or satisfactory. 
The method used in the present research is simple in execution and 
produces uniform and dependable results. Since this step constitutes 
so important a factor in making a successful preparation its detailed 
description may be justified here: 

The lesion is washed when necessary, then thoroughly cleansed by 
wiping with gauze. The juncture of the necrotic with the sound tissue, 
and also a part of the floor of the sore, are then curetted with a small 
curette (the chalazion eye curette answers the purpose admirably), or 
scraped with a scalpel until the detritus and superficial tissue are 
removed and a slight flow of blood is produced. The lesion is then 
sponged with dry gauze until the blood has ceased to flow and clear 
serum is seen to ooze. A drop of this serum is then spread on a per- 
fectly clean glass slide in the thinnest possible uniform film. The 
preparation, after being allowed to dry in the air, may be fixed either 
by carefully passing through the flame three times, by immersion in 
ethyl or methyl alcohol, by osmic acid or in the osmium tube of Haim. 

The inability of early investigators to demonstrate the existence 
of the Treponema in syphilitic lesions may be ascribed in part to thi 
inadequacy of the optical appliances then available and to the diffi- 
culties presented in impregnating its cell substance with any of the 
usual staining reagents. The perfecting of apparatus for the pro- 
duction of dark-ground illumination has made it possible to render 
these poorly refracting cell bodies visible, and to enable one to observe 
them in a living condition. This method of direct examination is by 
far the most satisfactory, not only for making a rapid diagnosis of 
suspected material, but for an intimate study of the morphology and 
manner of reproduction of these organisms. The employment of this 
method is, however, limited by the nature of the apparatus required.* 

The simplest, and for general purposes, the most satisfactory method 
of demonstrating the Treponema is, therefore, by means of some ap- 
propriate staining procedure. Such a vast array of staining methods 
has been advocated that a search for one which involves no elaborate 
technic, which is rapid in execution and which gives satisfactory pre- 
parations leads only to bewilderment. A great majority of these 


2. Recently this method has been described in detail by Harris and 
Corbus: The clinical value of the spirocheta pallida in the diagnosis and treat- 
ment cf syphilis. Jour, Am, Med. Assn., 1908, li, 1928, 
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methods, when attempted by one not skilled in laboratory manipula- 
tions, vield discouraging results, and this means of diagnosis is then 
abandoned or intrusted to those who have given more or less study to 
the technic involved, 

The difficulty in demonstrating the syphilis organism by any of the 
usual laboratory methods is largely due to the fact that the protoplasm 
of the Treponema exhibits only a slight affinity for the majority of the 
anilin stains. Schaudinn and Hoffmann’ were the first toe succeed in 
producing stained preparations of these spirilla. They found that in 
smears, fixed with osmic acid and allowed to remain immersed in 
Giemsa solution for twenty-four hours, the Treponema acquired a deli- 
cate rose color, while other spirilla which might be confused with the 
Treponema were more intensely stained. Since the publication of this 
method, the Giemsa solution, particularly the preparation of Griibler, 
has been widely employed for this purpose. Many modifications in its 
use have been advocated, each being supported by claims as possessing 
distinct advantages over the original procedure. For the most part 
these variations vield no more satisfactory results than the method 
of Schaudinn and Hoffmann. One modification, however, that de- 
scribed by Schereschewsky,* is so simple in detail and produces such 
excellent results that it has been almost exclusively employed in the 
present investigation. This method will be fully described in another 
part of this paper. 

When it was learned that a demonstrable micro-organism was pres- 
ent in the lesions of syphilis many bacteriologists resorted to the com 
mon staining reagents in the hope of discovering a method which 
would render the use of the more delicate eosin and azure solutions 
unnecessary. Methylene blue, either in watery or alcoholic solution 
or prepared according to the method of Loeffler, has been employed by 
Borrel and Burnet,* Weitlaner* and others who have found that it 
renders the Treponema visible and imparts to it a distinct blue color. 
Others, among them, Bandi and Simonelli,” Ehrlich and Lenartowiez’ 


3. Schereschewsky: Das Verhalten der Spirochata pallida  (Schaudinn) 
bei der Giemsafiirburg. Centralbl. f. Bakteriol., 1908, No. 45, p. 91. 
4. Borrel and Burnet: Procédé de diagnostic rapide des Iésions syphil- 


itiques, Compt. rend. Soe. de biol., 1906, No, 49, 212. 

5. Weitlaner: Noch einiges fiber Spirochata pallida, Klin, therap. Wehnschr., 
Vienna, 1905, No. 12, p. 1124. 

6. Bandi and Simonelli: Ueber die Anwesenheit der NSpirochata pallida 
in sekundiir-syphilitisechen Manifestationen und ijiber die zu ihrem Nachweis 
angewendeten Fiirbungsmethoden. Miinchen. med. Wehnschr., 1905, No. 52, 1668, 

7. Ehrlich and Lenartowicz: Ueber Fiirbungen der Spirochewta pallida fiir 
diagnostische Zwecke. Wien. med. Wehnschr., 1908, No. 58, p. 1018. 
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have obtained satisfactory results with Ziehl’s solution of carbol fuch- 
sin, While Gonder and Hoffmann, Ploeger,* Herxheimer,” Oppenheimer 


and Sachs,'® and Scholtz" advocate the use of gentian violet in a so- 
lution of anilin water, or better in dilute carbolic acid. The intensity 
of the stain produced by the various anilins seems to be markedly in- 
creased by the use of phenol, either in dilute solution as a solvent for 
the stain or in combination with other substances as a mordant. Proca 
and Vasilescu’? first mordant the preparation with a solution of tannic 
acid in 5 per cent. carbolic acid and then stain with carbol gentian 
violet. Flexner’* has reported favorable results obtained with this 
method, 

Quite different from any of the above methods is that described by 
Stern.'* The air-dried film is fixed by heating at a temperature of 


n a colorless 


37.5 C. for several hours. The slide is then immersed 
glass vessel containing a 10 per cent. watery solution of silver nitrate. 
The vessel is allowed to stand in diffuse daylight until the film appears 
brown with a metallic luster. If the action of the light has not been 
too intense, after thoroughly washing in water, the Treponema should 
appear evenly stained a deep brown with little precipitate on the slide. 
Flexner™ advises that the reduction be allowed to take place slowly in 
weakly diffuse light, as otherwise the protoplasm appears coarse and 
the contour is more or less broken and uneven. With this stain the 
cell body is somewhat swollen and does not show the delicate appear- 
ance produced by eosin-azure stains. This has little significance from 
a diagnostic standpoint, as none of the other characteristics are affected, 
This method has been repeatedly tried in this laboratory and has given 
positive results when it was impossible to demonstrate the presence of 
the Treponema with many of the other stains. The Treponema im- 
pregnated by the above method is shown in b-b in the accompanying 
illustration. 


8. Ploeger: Die Spirochiiten bei Syphilis. Miinchen. med. Wehnsehr., 1905, 
No. 52. p. 1381. 

9. Herxheimer: Zur Kenntnis der Spirochata pallida. Miinchen. med. 
Wehnsehr., 1905, No, 52, p. 1861. 


10. Oppenheim and Sachs: Eine einfache und sehnelle Methode zur deut 
lichen Darstellung der Spirochata pailida. Deutsch. med. Webhnsehr., 1905, 
No. 31, p- 1156. 

11. Scholz: Ueber den Spirochiitennachweis bei Syphilis. Deutsch. med. 


Webhnschr., 1905, No. 31, p. 1467. 

12. Proca and Vasileseu: Sur procédé de coloration rapide du 
Spirochata pallida, Compt rend. Soc. de biol., 1905, No, 57, p. 1044. 

13. Flexner: Spirochata (Treponema) pallida and syphilis. Jour. Exper. 
Med., 1907, No. 9, p. 464. 

14. Stern: Ueber den Nachweis der Spirochata pallida im Ausstrich mittelst 
der Silbermethode. Barl. klin. Wehnschr., 1907, No, 44, p. 400. 
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In this laboratory all of the above mentioned methods, and further 
those advocated by Goldhorn,'® Wood, Hastings,** and Gradle’’ have 
been thoroughly tried out on material known to contain the Treponema 
in large numbers. In addition to the testing of these methods original 
attempts were also made to stain this organism with certain anilin 
colors, among them thionin, pyronin, safrinin and the three-solution 
diptheria stain of Neisser. To summarize briefly the present observa- 
tions made on the respective merits of these various methods it may 
be stated that: (a) of the simple anilin colors, fuchsin, methylene blue 
and gentian violet, when they do not yield entirely negative results, 
impregnate the protoplasm of the Treponema only to a slight degree; 
(b) the action of these anilins is intensified by the use of phenol or 
tannin as mordants, but at the best their employment leads to unsatis- 
factory preparations; (c) the silver impregnation method of Stern is 
thoroughly dependable, but the length of time required for its execu- 
tion constitutes more or less of a disadvantage; (d) the Treponema is 
stained more intensely by solutions containing eosin and azure; (e) 
the Giemsa solution as used by Schaudinn and Hoffmann, and in many 
of its later modifications, may usually be depended on to produce well 
stained preparations, but with its employment are associated certain 
unsatisfactory features in the matter of time consumption, etc. 

The results obtained by the method as modified by Schereschewsky 
have proven uniformly satisfactory. This fact, combined with its rapid- 
ity of execution and simplicity of technic, has led to its adoption in 
preference to all others for the purposes of the present investigation. 
The technic in detail is as follows: 

The smears are obtained in the manner already described and after 
being allowed to dry in the air are carefully passed through the flame 
three times. The staining mixture is freshly prepared by adding thir- 
teen drops (from a dropping bottle) of Giemsa solution (Griibler) to 
10 cc. of a 0.5 per cent. watery glycerin solution. The mixture is then 
heated to boiling, immediately poured on the slide and allowed to re- 
main for three to five minutes. The stain is then poured off and the 
slide washed with neutral distilled water. The slide is dried by rapidly 
shaking it in the air and a second application is made for the same 


length of time. As a rule two applications suffice to impart to the 


15. Goldhorn: A rapid and certain method of staining Spirocheta 
pallida, Proce. New York Path. Soc., 1905, No. 5, 169. 

16. This stain has recently been recommended by Geraghty: Johns Hopkins 
Hosp. Bull., 1908, XIX, 364. 

17. Gradle (H. S.): A clinical stain for the Spirocheta pallida. Jour. 
Am. Med. Assn., 1908, 1, 1265. 
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smear a distinct pinkish tinge. Should the pink be too faint a third 
application is made. When the desired shade is reached the slide is 
washed as above and dried by shaking or with fine blotting paper. The 
preparation is then examined with a one-twelfth oil-immersion lens. 
In order to obtain ideal results certain precautions must be heeded. 
All vessels with which the stain comes in contact must be perfectly 
clean. Before mixing each fresh lot of stain the test tube used should 
be cleansed by scrubbing with clean cotton and alcohol, then rinsed 
with distilled water. Any deposit of stain about the neck and lip of 
the dropping bottle should be removed by carefully wiping with filter 
paper. The water used in making the glycerin solution and for wash- 
ing the slide should be neutral, as the least degree of acidity causes 
the formation of a precipitate. Should any of these precautions be 
neglected it will be found that a heavy bluish precipitate forms in the 
mixture on boiling and its staining ability is thus impaired. The ex- 
act tint of the smear to be attained is a matter of no great importance 
and is easily determined. After a few trials in which the importance 
of the above details is realized one may expect to produce satisfactory 
preparations. 

In the preparations thus stained the Treponema should appear a 
deep pink with the background pale in comparison. Fixation by heat 
has a tendency to straighten the convolutions, but this may be easily 
overcome with the exercise of a little care. The Schereschewsky stain, 
on account of the glycerin it contains, produces a slight swelling of 
the cell body. With this stain, however, a sufficiently accurate exposi- 
tion of the morphologic features of the Treponema is produced. The 
Treponema pallidum is a delicate spirillum varying in length from 
4 to 14 microns, and having a breadth which is generally less than 0.25 
microns. The ends are somewhat pointed. The convolutions, accord- 
ing to Hoffmann and Halle,’* have a width of 1 to 1.2 microns, a depth 
of 1 to 1.5 microns, and are usually 6 to 14 in number, although at 
times longer forms are seen which exhibit as many as 20 to 24 convo- 
lutions. The angularity and the regularity of these windings are mark- 
edly characteristic of this particular organism. A careful microscopic 
examination renders the differentiation of the Treponema from all other 
spirilla certain. The majority of spirochetes, on account of their 
coarser form, their irregular and broader convolutions and their greater 
affinity for stains, can scarcely be confused with the syphilis spirochete. 
The Spirochata refringens, frequently found in suspicious lesions, is 


18. Hoffman and Halle: Ueber eine bessere Darstellungsart der Spirochwrta 
pallida im Ausstrich. Miinchen med, Wehnschr,, 1906, No. 53, p. 1516. 
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easily distinguished by its greater width and its more wavy form. 
Should doubt arise concerning the specific nature of the organism under 
examination the material should be examined in the fresh state best 
by means of the dark field illumination. When this is impossible the 
preparation may be fixed rapidly with osmic acid and then stained for 
several hours—preferably twenty-four—with a mixture containing one 
drop of the Giemsa solution in 10 ¢.c. of neutral distilled water. In 
all of the examinations made in this laboratory no difficulty has been 
experienced in establishing a diagnosis by means of the Schereschewsky 
method, 

11.—THE OCCURRENCE OF THE TREPONEMA IN SYPHILITIC LESIONS '® 

It seems unnecessary to review here the large number of reported 
observations on the occurrence of the Treponema in syphilitic lesions. 
The results of these observations may be briefly summarized thus: 

1. The Treponema has been found in the great majority of untreat- 
ed primary and secondary lesions. Negative findings in such specific 
lesions are probably attributable to faulty technic. 

2. The examination of material from tertiary lesions usually vields 
negative results. A few positive findings have been reported, however. 

3. The Treponema has not been found in non-specific lesions. 

t. Both local and general mercurial treatment tend first to make 
these spirochetes degenerate and later to cause their disappearance from 
the lesion, 

With a view toward gaining further evidence in this direction a 
series of observations on 101 cases were made extending over a period 
of one year. A certain routine procedure was established which con- 
sisted in obtaining the material from the various lesions directly upon 
the admission of the patient to the clinic.*” In many instances subse- 
quent smears were made in order to verify the initial findings and with- 
out exception these were substantiated. Before publishing the results 
of these observations the anpearance of the secondary symptoms was 
awaited—when the examination was made on the primary lesion—so 
19. A review of the literature extending through the year 1906 may be 
found in Kolle-Wassermann’s Handbuch der pathogenen Organismen, Supple- 
mentary Volume |, 544; also in Mutzer: Arch. f. Dermat. u. Syph., 1906, Ixxix. 

20. We wish to express here our sincere thanks to Doctors Pedersen, 
States and other members of the staif of the Genito-Urinary Clinie of the 
House of Relief, New York City, and to Doctors Morton, Read and others of 
the Genito-Urinary Clinie of the Polhemus Memorial Clinic, Brooklyn, N. Y., 
for their many courtesies and hearty cooperation. 
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that no doubt might exist concerning the specific nature of the case 
These results may perhaps be best exhibited in tabular form. 

The findings in the cases of untreated primary lesions are con- 
firmatory of the results of others regarding the presence of the Trepon- 
ema solely in specific lesions. Local treatment with the various prepara- 


tions of mercury, such as calomel powder, blue ointment and_ black- 


FINDINGS OF THE TREPONEMA PALLIDUM IN SPECIFIC AND NON-SPECIFIC LESIONS* 


L 

& 

Nature of Lesion. | | 29 

a2 

$0 | 8m | 

= 

Primary lestons, untreated. . . . 3 3 0 100 

Primary lesions, local treatment 13 7 6 | 53 

Primary lesions, general treatment . 1 0 1 00 
Secondary lesions, untreated 

Macular syphiloderms. .. . 1 | ei 00 

Maculopapular syphiloderms . . 1} 1] Oo 100 

Condylomata......... £1 Bie | 100 

Mucous patches... . . 1 100 

Moist papules... . 3 3 | o | TED 
Secondary lesions, treated 

Maculopapular syphiloderms. ...... . 3 l 2 33 

Pustular syphiloderms . . 2 0 2 Oo 

Mucous patches... . 6 | 3 3 

Moist papules. . . 1 | 100 

Tertiary lesions. . . 3 0 3 | Oo 


* These results agree closely with the observations of Harris and Corbus 
(Jour. Am. Med. Assn., 1908, li, 1928), which have appeared since the com- 
pletion of this paper and also with those of Geraghty (Johns Hopkins Hosp. 
Bull., 1908, xix, 364). 


wash, may cause a disappearance of the Treponema from the superficial 
tissues, although it undoubtedly persists for a time in the deeper lym- 
phaties of the lesions. Preparations made from mucous patches and 
moist papules, with the exception of three cases affected by treatment, 


were found to be unusually rich in spirochetes. Some of the prepara- 
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tions were taken directly from the surface of the lesion without pre- 
vious curetting. This substantiates the earlier view of the highly in- 
fective nature of these particular lesions. The greater proportion of 
negative results in the secondary lesions after general treatment as 
compared to those before this treatment is indicative of the effects of the 
systemic administration of mercury on the presence of the Treponema. 
The absence of the Treponema in the cases of tertiary syphilis, while 
being in agreement with previous findings and with the usually accepted 
idea concerning the non-infective nature of these lesions, might be 
explained by some fault in our present method of examination. 


Treponema pallidum, under magnification * 1200; a-a were stained with 
the Schereschewsky stain; b-b with the Stern silver stain. 


From the review of the staining methods above recorded and from 
the observations made in the bacteriologic examination of syphilitic 
and non-syphilitic lesions the following conclusions may be reached: 

1. The staining method as described by Schereschewsky appears 
to be the most satisfactory one for general use. 

2. The presence of the Treponema pallidum in a suspected lesion 
may undoubtedly be considered as establishing the specific nature of 
the infection. 

3. A negative result does not necessarily exclude the presence of 
syphilis. In this event further examinations should be made, and, when 


these lead to negative results a proper period of time should be allowed 
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to elapse in order that the appearance of the secondary symptoms may 
establish the diagnosis. 


In the clinic of the House of Relief the finding of the Treponema 
has been considered as affording a positive diagnosis. The treatment 
when begun immediately on the report of a positive bacteriologic diag- 
nosis has led to most gratifying results. 
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THE PRODUCTION OF EDEMA 
AN EXPERIMENTAL STUDY OF THE RELATIVE ETIOLOGIC IMPORTANCE OF 
RENAL INJURY, VASCULAR INJURY AND PLETHORIC HYDREMIA * 
RICHARD M, PEARCE, M.D. 
NEW YORK CITY 

The investigation here presented had for its object the demonstra- 
tion of the relative importance of vascular injury, renal injury and 
hvdremia in the production of edema, and was suggested by a recent 
theoretical consideration’ of the part played by chemical correlation in 
the pathologic conditions associated with disturbances of renal function. 

Experimental evidence indicating the importance of hydremia or of 
vascular injury is not lacking, but, as it is based mainly on transfusion 
experiments, in which large amounts of fluid were used, and frequently 
experiments on dead or nephrectomized animals, it is not entirely satis- 
factory in that the conditions are too artificial. The recent observations 
on the edema of uranium nephritis point the way to a method of study 
which affords conditions more nearly in keeping with those associated 
with edema in man. 

Uranium nephritis, in rabbits at least, is accompanied, when an 
excess of water is administered by the stomach-tube, as first shown by 
Richter,? by a well-marked edema of the subcutaneous tissues and by 
hydrops of the pleural and peritoneal cavities—a condition which sev- 
eral investigators have found not to occur when an excess of water is 
administered to animals poisoned with chromic salts, aloin and other 
renal irritants. This difference in effect would indicate that uranium 
nitrate has an action not common to the other renal poisons, and from 
our knowledge of edema it seems probable that this action is one injuri- 
ous to the blood vessels. Of greater interest is the observation that the 
serum of an animal with uranium nephritis, when introduced into an 
animal with a chromate nephritis, causes the development of a well- 

*This work, aided by a grant from the Rockefeller Institute for Medical Re 
search, was begun in the Bender Laboratory, Albany, N. Y., and completed in the 
Carnegie Laboratory of The University and Bellevue Hospital Medical College. 


1. Pearce (R. M.): The theory of chemical correlation as applied to the 
pathology of the kidney. Tue Arciives INT, Mep., 1908, ii, 77. 

2. Richter (P. F.): Die experimentelle Erzeugung von Hydrops bei Nephritis, 
Beitr. z. klin. Med. (Festschrift f. Senator), Hirschwald, Berlin, 1904; Experi- 
mentelles iiber die Nierenwassersucht, Berl. klin. Wehnschr., 1905, xlii, 384. 
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marked edema. This phenomenon, first observed by Heineke* and since 
confirmed by Blanck,* who, however, finds it to be not a constant occur- 
rence, suggests that in the serum of animals with nephritis there may 
occur substances which operate to produce edema. Two explanations 
seem possible: either the retention, as the result of kidney insufficiency, 
of substances which act as lyvmphagogues of the second order; or the in- 
jurious action on the endothelium of some substance or substances caus- 
ing an alteration in its permeability to fluids. These several observa- 
tions, therefore, suggest a new method of experimentation for determin- 
ing the relative importance of hydremia, renal injury and vascular 
injury in the production of edema. 

It is unnecessary, on account of the recent admirable presentation 
of the subject by Meltzer,’ to go in detail into the question of the me- 
chanistic versus the vitalistic theories of lymph formation. It is suffi- 
cient to recall that of the latter theories Heidenhain’s, as well as Ham- 
burger’s, assumes an increased activity of the endothelial cells caused by 
katabolic products, and that Lazarus-Barlow and Asher believe in the 
influence of cell action, but of the cells of the organ rather than of the 
endothelia. Lazarus-Barlow further emphasizes the influence of waste 
products. Starling, who supports the purely physical theory, assumes 
an altered permeability of the endothelial membrane. 

In connection with these theories of the physiology of lymph secre- 
tion, we have certain views concerning the pathologic secretion of lymph 
which point to vascular injury as an important factor. Cohnheim and 
Lichtheim,® in their well-known experiments on the production of hy- 
dremic plethora, found that the injection of large quantities of salt 
solution into the veins of rabbits and dogs, although it led to ascites and 
edema of the internal organs, did not cause edema of the normal skin 
and subcutaneous tissues; but if the skin was irritated, as by exposure 
to the sun, painting with iodin or immersion in hot water, local edema 
of the skin always followed transfusion. From these experiments Cohn 
heim concludes that the mild irritation of the skin caused an alteration 
of the capillary walls which made them more permeable for the fluid of 
the hydremie plethora. Support of this theory is offered by the experi 


3. Heineke, quoted by Miiller (F.): Verhandl. d. deutsch. path. Gesellsch., 
1905, ix, 64, 

4. Blanck (S.):  Experimentelle Beitrage zur Pathogenese des Nierenwa- 
sersucht, Ztschr. f. klin. Med., 1906, Ix, 572 


5. Meltzer (S. J.): Edema. Am. Med., 1904, iii, 19, 59, 151, 191. 
6. Cohnheim (J.) and Lichtheim (L.): Ueber Hydriimie und hydriimischos 
Oedem. Virchow’s Arch, f. path, Anat., 1877, Ixix, 106. 


| 
| 
iii 
| 
| 


424 THE PRODUCTION OF EDEMA 


ments of Magnus,’ who finds that edema of the skin occurs in trans- 
fused animals if previously arsenic, which pharmacologists consider a 
specific poison for blood vessels, is injected, or if animals are in deep 
anesthesia from chloroform or ether. Magnus also finds that in neph- 
rectomized animals transfusion leads to anasarca. Somewhat similar 
results have been obtained by Albu.* Closely related to Cohnheim’s 
theory of renal edema is that of Senator.° The difference is that Cohn- 
heim assumes that the altered permeability of the capillary walls is due 
to the action on these structures of toxic substances not eliminated as 
the result of renal insufficiency. Senator assumes that the edema is as 
much primary as is the renal lesion, and that the two are caused by the 
same toxic agent affecting the glomeruli of the kidney as well as the 
vessels of the skin, the toxic agent having its origin in the primary 
disease, as scarlet fever, malaria or other conditions. 

The edema-producing power of the serum of nephritis has been only 
recently studied, and the observations are few in number. Heineke’s 
experience with the serum of uranium animals has been mentioned. 
This serum, from animals with edema, injected into animals poisoned 
with chromic salts, which, in Heineke’s experience, does not cause edema, 
produced hydrops of the pleural and peritoneal cavities. His experi- 
ments were not reported in detail, but have been confirmed by Blanck, 
who, however, found that the condition could not be reproduced con- 
stantly. 

In a later study with Meyerstein,*® Heineke reports the production 
of edema in 64 per cent. of the animals receiving uranium serum intra- 
venously; but he also found edema in 60 per cent. of those receiving 
normal rabbit serum. The animals of both groups had been poisoned 
for four to five days with sodium bichromate and had received water 
and sodium chlorid by the stomach-tube. As this treatment, in the ab- 
sence of serum injection, did not cause edema, it is suggested that the 
serum in both instances had some injurious effect on the blood vessels. 
Of similar import are the results obtained by Georgopulos,’* who pro- 


7. Magnus (R.): Ueber die Entstehung der Hautideme bei experimentelles 
hydriimischer Plethora. Arch, f. exper. Path. u. Pharmak., 1899, xlii, 250. 

8. Albu: Zur experimentellen Erzegung von Oedemen and Hydropsien. Vir- 
chow’s Arch. f, path. Anat., 1901, clxvi, 87. 

9. Senator (H.): Ueber die Wassersucht bei Nierenkrankheiten, Berl. klin. 
Wehnschr., 1895, xxxiii, 165. 

10. Heineke (A.) and Meyerstein (W.): Experimentelle Untersuchungen 
iieber den Hydrops bei Nierenkrankheiten. Deutsch. Arch. f. klin. Med., 1907, 
xe, 101. 

11. Georgopulos: Experimentelle Beitriige zur Frage der Nierenwassersucht, 
Ztschr. f. klin. Med., 1906, Ix, 411. 
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duced a moderate edema by injecting nephrectomized rabbits with the 
serum of animals suffering with uranium nephritis. 

In this connection should also be mentioned the observations of 
Kast’? and Starling’® on the lymphagogiec action of the serum of edema- 
tous nephritics when injected into animals. Kast injected into the vein 
of a dog 75 cubic centimeters of the serum of a very edematous individ- 
ual suffering from chronic hemorrhagic nephritis and found the flow of 
lymph to be increased tenfold. Sera from two other nephritics with 
edema increased the flow threefold and twofold, respectively, while the 
serum of normal individuals and of nephritics without edema gave no 
results, as was also the case in one instance, each, of uremia and cardiac 
dropsy. Starling reports a single experiment on the dog in which it was 
observed that the serum of a uremic individual caused a marked quick- 
ening of the flow of lymph from the thoracic duct. 

My own experiments have had for their object the production, in the 
presence of artificial plethoric hydremia,** of edema by the administra- 
tion of substances which would not only produce a renal lesion, but also 
injure the vessels of the body generally; but more especially the object 
has been to demonstrate ultimately the presence of endotheliotoxice sub- 
stances in the serum of animals with experimental nephritis. 

Experiments covering only the first part of this proposition are here 
presented. Rabbits have been treated with substances known to be both 
renal and vascular poisons, and hydremia has been produced by intro- 
ducing through a stomach-tube a considerable amount of water. In 
other experiments a specific renal poison has been administered first, 
and later a vascular poison, or vice versa. The substances used have 
been potassium chromate, uranium nitrate, arsenious acid, ricin and 
snake venom. To these are added some very suggestive experiments 
with nephrotoxic immune serum which appear to indicate that this 
serum has definite endotheliotoxic properties. 

The influence of salt retention as a factor has not been lost sight of, 
but no attempt has been made to determine the effect of the increased 


12. Kast (A.): Ueber lymphagoge Stoffe im Blutserum Nierenkranken. 
Deutsch. Arch. f. klin. Med., 1902, Ixxiii, 562. 

13. Starling (E. H.): Physiologic factors involved in the causation of dropsy. 
Lancet, London, 1896, cl, 1407. 

14. This term, “plethoric hydremia,” is used to indicate an increase in the 
amount of water in the circulating fluid, without necessarily a decrease of the 
proteid constituents. The term “hydremia” is hardly appropriate, as it was 
originally used to indicate a dilute condition of the blood resulting from the 
withdrawal of protein by albuminuria. Wherever, therefore, the term “hydremia” 
is used in this paper it refers to condition of plethora due to increased ingestion 
of fluid. 
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administration of this substance. As primary salt retention has not been 
proved, it has been assumed that salt retention accompanies water reten- 
tion and that, therefore, this factor would be constant in all experi- 
ments. 

That this plan of study represents a somewhat crude way of ap- 
proaching the problem is at once acknowledged. It seemed to me, how- 
ever, that, by adopting a careful system of controls, information of 
value might be possibly obtained. 


I. EXPERIMENTS WITH URANIUM NITRATE 


The first experiments had for their object the confirmation of the 
observations of Richter and others, that edema is associated, when an 
excess of water is administered, with the nephritis caused by uranium 
nitrate. Such confirmation was readily obtained, as is shown in the fol- 
lowing experiment. 

Rabbit 13, weight 1,830 grams, on Jan. 30, 1908, and February 1 received 
0.0075 grams uranium nitrate subcutaneously; on January 31 and February 1 
and 2, 100 cubic centimeters of water were administered by stomach-tube. 
Albumin appeared in the urine on January 31 and increased in amount rapidly 
until February 3, when no urine was voided. On that date the animal was killed. 

The examination showed well-marked edema of the subcutaneous tissues, about 
15 cubic centimeters of clear fluid in the abdominal cavity and smaller amounts 
in each pleural cavity. The subpleural, subperitoneal and perirenal tissues were 
distinctly edematous. Especially noteworthy was the edema of the kidneys and 
their pelvis and ureters. The latter were greatly swollen and on cross-section 
presented a uniform glistening, gelatinous appearance, with apparently complete 
obliteration of their lumina. The bladder contained only 3 cubic centimeters of 
urine; microscopically this urine showed an abundance of fine granular casts, a 
few hyaline casts and leucocytes and epithelial cells. 

In definite contrast to this is the absence of edema in animals re- 
ceiving uranium, but no water; for example, the following: 

Rabbit 36, weighing 2.410 grams, received on March 23, 24 and 25, 1908, 1 
cubie centimeter of uranium subcutaneously. Albumin was present in the urine 
on Mareh 24 and 25 and anuria developed on the 26th; the animal died on the 
°Tth. No inerease of fluid in either tissues or cavities of the body was found on 
postmortem examination. 

Although similar negative results were obtained in four other ani- 
mals thus treated, it must be admitted that Georgopulos found varying 
grades of edema in three animals receiving uranium nitrate, but no 


water. 

These experiments bring out the well-known relation of kidney in- 
jury and hydremia in the production of edema, but the relation of vas- 
cular injury is not so clear, though it is possible the latter was present 


and due to uranium nitrate. That this salt has an injurious effect on 


vascular structures is generally assumed. though it must be admitted 
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that the evidence on this point is not conclusive, being a matter of opin- 
ion rather than of actual observation.’® Leaving this question for the 
present, we may turn to the experiments in which definite vascular 
poisons were used. 

II. EXPERIMENTS WITH ARSENIC 

Arsenic, which pharmacologists consider a vaseular as well as a renal 
poison, was employed in the early experiments. Nine rabbits were used ; 
all received daily 0.5 to 1 cubie centimeter of a 1 per cent. solution of 
arsenious acid; six of these received also 50 to 100 cubic centimeters of 
water by the stomach-tube daily, and into the subcutaneous tissues of 
three of the latter potassium chromate was injected previous to the 
arsenic. 

The animals receiving arsenic alone developed a localized edema at 
points of injection, but nowhere else. The following protocol illustrates 
this experiment : 

Rabbit 44, weighing 1,700 grams, received, on March 25, 26, 27 and 28, 1908, 
1 cubic centimeter of a 1 per cent. solution of arsenious acid subcutaneously. 
The urine contained only faint traces of albumin. No urine was voided on the 
28th and 29th, and on the latter date the animal was killed. About the areas of 
injection and closely limited to these points the subcutaneous tissues were infil- 
trated with a slightly blood-tinged fluid which gave a gelatinous appearance. 
The peritoneal and pleural cavity contained no fluid. The bladder contained 5 
cubic centimeters of thick urine which responded to tests for albumin. 

The three rabbits receiving water by the stomach, in addition to 
arsenic subcutaneously, presented diffuse edema of varying grades, the 
most severe of which may be described as follows: 

Rabbit 43, weighing 2,080 grams, received 1 cubic centimeter of arsenic solu- 
tion subcutaneously and 100 cubic centimeters of water by stomach on March 25, 
26, 27 and 28, 1908. Albumin appeared in the urine on the 27th; the 29th, when 
the animal died, no urine was voided. The subcutaneous tissues of the entire 
abdomen presented a diffuse edematous condition, with here and there petechial 
hemorrhages. The edema was not limited to points of injection but involved sub- 
cutaneous tissues of nether portion of body and extended into all four legs. Ten 
cubic centimeters of clear fluid were present in the peritoneal cavity and three in 
each pleural cavity. The bladder contained no urine. 

The other two animals, in which anuria did not develop, presented a 
frank, but less extensive edema. 

In the third group of three animals a chromate nephritis was first 
produced and then arsenic and water administered. The resulting edema 
was of about the same extent as in those receiving arsenic and water. 


15. The recent observations of Schlayer, Hedinger and Takayasu (Ueber neph- 
ritisches Oedem, Deutsch. Arch. f. klin. Med., 1907, xci, 59) indicate that the 
lesions of uranium nephritis include an increased permeability of the cutaneous 
vessels following a decreased permeability of the glomerular vessels. 
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The first of these three groups of experiments illustrates a local 
edema, due to direct vascular injury, and the second and third the influ- 
ence of hydremia, and presumably the greater diffusion of the vascular 
poison, in causing a general edema. In the third group, although two 
renal poisons were administered, the edema did not differ from that of 
the second group. This would indicate that possibly arsenic does not 
add to the lesion caused by the chrome salt, or that the degree of kidney 
injury is relatively unimportant. 


III. EXPERIMENTS WITH RICIN AND VENOM 

Of special importance are the experiments in which ricin or venom 
was administered to rabbits with chromate nephritis and artificial hydre- 
mia. Neither ricin or venom has the power, except in large or rapidly 
repeated doses, of producing serious injury to the kidney. On the other 
hand, ricin has been found by several investigators to cause very severe 
vascular injury. This is brought out very prominently in Flexner’s'® 
study of the lesions caused by this substance. Venom (crotalus ada- 
manteus) also seriously injures blood vessels, and, as shown by Flexner 
and Noguchi,’* contains an endotheliolytic substance which these inves- 
tigators termed “hemorrhagin.” It was the influence of this endothelio- 
lytie substance that was especially sought in the experiments with venom. 
Both substances, but especially venom, have a variety of toxic effects, 
but any possible influence which these may have on the production of 
edema I have attempted to control. 

The rattlesnake venom used was obtained from Dr. Hideyo Noguchi, 
of the Rockefeller Institute, and the ricin from Prof. C. H. Bunting, of 
the University of Wisconsin, to both of whom I am greatly indebted, in 
that I was thus able without preliminary testing to use preparations the 
toxicity of which they had determined. 

The chief experiments were very completely controlled by other ex- 
periments in which animals received (1) ricin alone, (2) water alone, 
(3) ricin and water, (4) potassium chromate alone, (5) potassium 
chromate and water, (6) potassium chromate and ricin. A similar set 
of controls was made with venom. 

In each of four sets of experiments with ricin and four with venom 
this scheme was followed. In this way the results in the chief experi- 
ments were satisfactorily controlled by the other combinations. The 


16. Flexner (S.): The pathology of toxalbumin intoxication. Johns Hop- 
kins Hosp. Rep., 1897, vi, 346. 

17. Flexner (S.) and Noguchi (H.): The constitution of snake venom and 
snake sera. Univ. Penn. Med. Bull., 1902, xv, 345. 
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animals of the major experiments, receiving ricin (or venom), chrome 
and water, usually died on the fifth or sixth day; the others, for the 
sake of comparison, were killed at the same time. The ricin and venom 
were injected into the ear vein, the former in doses of 0.02 mg., the lat- 
ter of 0.5 mg. of the dried venom on the first, second and fifth davs. 
The potassium chromate was given subcutaneously in doses of 0.03 
zram on the first and second days. Water, usually 100 cubic centime- 
ters, was administered daily by stomach-tube. In some experiments 
this regularity in the administration of the chromate solution or the 
venom and ricin was varied. 

Three of the four animals receiving ricin, potassium chromate and 
water developed a severe and widespread edema, as is seen in the fol- 
lowing protocol. The fourth, dying on the third day, had an edema of 
less degree, with only a very small amount of fluid in the serous cavities. 

Rabbit 104, weighing 1,695 grams, was isolated on Jan. 10, 1909. The urine 
of the 11th was normal and the animal received 0.02 mg. ricin in the ear vein, 
0.03 gram potassium chromate subcutaneously, and 100 cubic centimeters of water 
by stomach-tube. This treatment was repeated on January 12 and again on the 
15th. On the 13th, 14th and 16th water only was given. The urine of the 12th 
contained a trace of albumin and that of the succeeding days showed a severe 
albuminuria. Casts were abundant. Anuria did not develop and the animal was 
killed on the 17th. At the autopsy was found a well-marked edema of the sub- 
cutaneous tissues of the abdomen and thorax, 24 ¢.c. of fluid in the abdominal 
cavity and 16 c¢.c. in both pleural cavities. The retroperitoneal, perirenal and 
pelvic fat and tissue about the pancreas presented an extreme edema of char- 
acteristic gelatinous appearance; a similar condition existed in the retrosternal 
and mediastinal tissues. 

In a second animal of this group, the subcutaneous tissues of the 
abdomen were swollen to a thickness of 0.8 cm. and the serous fluid 
dripped freely from the incision. The edema of the skin of this animal 
was so extreme that the hair could be readily scraped from considerable 
areas. 

Similar results were obtained with animals receiving venom. In 
one animal, dying on the third day, the edema was limited to the sub- 
cutaneous tissue, but in the other three, living five or six days, it was 
of the general type shown in the following experiment: 

Rabbit 103, weighing 2,230 grams, was isolated on Jan. 10, 1909. On the fol- 
lowing day the urine was found to be normal and the animal received 0.5 mg. 
venom in the ear vein, 0.03 gram potassium chromate subcutaneously, and 100 
cubie centimeters of water by stomach-tube. This treatment was repeated on 
January 12 and 15, with the administration of water only on the 13th and 14th. 
Albumin in smal] amount was found in the urine of the 12th and in large 
amounts on succeeding days; casts were abundant; no anuria. Death occurred 
on the morning of the 16th. Postmortem examination showed a moderate but 


very diffuse hemorrhagic edema of the subcutaneous tissues of abdomen and 
thorax, great distention of abdomen by ascites and 5 cubic centimeters of fluid in 
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each pleural cavity. The retroserous tissues generally, but especially retroperi- 
toneal and mediastinal, were greatly distended by fluid. The pancreas lay in a 
gelatinous mass of edematous fat tissue. The ureters and pelvis of kidney showed 
a hemorrhagic edema which increased the cross-section of the upper ureter to a 
diameter of half a centimeter. A similar edema involved the perirenal fat. The 
kidney itself was edematous and had a peculiar mottled appearance due to ex- 
treme injection of the glomeruli. A few small hemorrhages were seen in the liver. 

The control experiments follow: 

1. Ricin.—This, given alone, causes no edema, though in two ani- 
mals the peritoneal or pleural surfaces were unusually moist and barely 
2 ecubie centimeters of fluid could be drained from these cavities. No 
serious disturbance of the kidney occurs, though the urine occasionally 
contains a trace of albumin. 

2. Venom.—After the administration of venom only, although ec- 
chymotic hemorrhages are frequent, no edema has been found, except 
in one instance, in which a hemorrhagic edema of the ureters and pelves 
of kidneys occurred, with increased moisture of the serous membranes. 
The urine of this animal contained abundant albumin, numerous red 
blood corpuscles, and a few casts. In none of the other animals did the 
urine contain more than an occasional trace of albumin. Histologically, 
however, some of these kidneys showed exudative glomerular lesions, 
due apparently to the vascular injury caused by the venom. 

3. Water—The administration of water by the stomach-tube in 
daily amounts of 50, 75 or 100 cubic centimeters, according to the size 
of the animal, has not led to interstitial edema, though in two instances 
less than 3 cubic centimeters of clear fluid have been drained from the 
serous cavities of thorax and abdomen. 

4. Ricin and Water.—In this series, in one animal 6 cubic centime- 
ters of fluid were found in the abdominal cavity and 1 cubic centimeter 
in each of the pleural cavities. The other animals presented no evi- 
dence of edema. The moderate escape of fluid seen in one of these ani- 
mals may represent a slight grade of the very extensive ascites which 
Flexner describes as the result of injecting intravenously large doses 
(0.1 to 3 mg.) of ricin and which also caused serious lesions of the kid- 
ney. 

5. Venom and Water.—The results here, with the exception of one 
experiment, did not differ from those with venom only. The exception 
presents, however, one of the most marked examples of edema which has 
been met in the entire investigation and will be presented in detail. 


Rabbit 102, weighing 1,590 grams, was isolated on Jan. 10, 1909. On January 
11 its urine was found free of albumin and it received in the ear vein 0.5 mg. of 
venom and by stomach-tube, 100 cubie centimeters of water, which treatment was 
repeated on the 12th. On January 13 and 14 water only was given. On January 
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12 the urine was free of albumin, but on the 13th it was reddish in color and 
by the spectroscope was found to contain hemoglobin; albumin was present in 
considerable amount and the sediment contained numerous casts, red blood cor- 
puscles and renal cells. No urine was passed on the 14th, and on the 15th, shortly 
after death, only a small amount, highly concentrated and containing a large 
amount of albumin; hematuria was still present. On postmortem examination 
was founa a slight but readily demonstrable edema involving diffusely the sub- 
cutaneous tissues of the abdomen. The peritoneal cavity contained 24 cubic centi- 
meters of bloody fluid and the pleural cavities about 10 each. The pelvis of both 
kidneys and first portion of both ureters were intensely edematous and hemor- 
thagic. The bladder contained 13 cubic centimeters of thick blood-tinged urine. 
Fat necroses were present in the abdominal fat generally and to less extent in 
that of pleura and pericardium with a few foci in the subcutaneous fat, espe- 
cially that about the mammary glands. Microscopic examination of the kidney 
revealed a severe acute exudative glomerular nephritis. 

Here was produced unexpectedly, as the result of a severe exudative 
nephritis due to the action of venom on the glomerular capillaries, the 
full picture of edema observed in animals receiving venom and water 
during a chromate nephritis. The essential element of kidney injury 
had been brought about in a peculiarly susceptible animal, and the con- 
trol experiment became a major experiment, illustrating completely the 
thesis under consideration. 

6. Potassium Chromate.—The subcutaneous injection of potassium 
chromate, in dose of 0.03 gm. daily for three days, produces a severe 
nephritis which the animal may survive, but which usually causes death 
in four to five days. Such animals present a definite gelatinous edema 
of the subcutaneous tissues immediately about the point of injection 
without tendency to become diffuse. No excess of fluid is found in the 
serous cavities. With animals receiving a single dose or two doses, and 
living a longer time, the result is the same. 

6. Potassium Chromate and Water.—In this group the edema about 
point of injection was very definite and tended to involve the adjacent 
tissues to some extent. It did not, however, become diffuse, and in three 
of the animals no accumulations of fluid were found elsewhere. In a 
fourth, however, the abdominal cavity contained 4 and the pleural cavi- 
ties 10 cubic centimeters of clear fluid and the retrosternal tissue showed 
a very definite edema. In the fifth animal of this series occurred an 
edema of such extent that it is deemed advisable to present the notes in 


full. 


Rabbit 100, weighing 1,920 grams, was isolated on Jan. 10, 1909. The urine 
of the 11th was normal, and on this day the animal received 0.03 gram of potas- 
sium chromate subcutaneously and 100 ¢.c. of water by the stomach tube. The 
treatment was repeated on the 12th, and on the 13th, 14th and 15th water only 
was administered. Albumin appeared in the urine on the 12th and was present 
in large amounts on the 13th and 14th. No urine was voided on the 15th and 
until noon of the 16th, when the animal was killed by chloroform, the anuria 
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was complete. At autopsy was found a diffuse gelatinous edema of the sub- 
cutaneous tissues of the abdomen and thorax, which in some places measured a 
centimeter in thickness. Free fluid in considerable amounts could readily be 
squeezed from these tissues, The abdomen contained 11 cubic centimeters of clear 
fluid and the perirenal, retroperitoneal and pelvic fat, and that about the 
stomach and pancreas was distended as the result of an infiltration by a clear 
fluid, giving the tissues a jelly-like appearance. The pelves of the kidneys and 
the upper portion of the ureters were slightly edematous. Each pleural cavity 
contained a small amount of fluid and the retrosternal tissues were plainly 
edematous. The bladder contained only 4 cubic centimeters of urine. 

Here, again, an experiment, planned as a control, differs from its 
fellows and becomes a positive experiment. The only possible explana- 
tion of vascular injury lies in the occurrence of anuria, which presum- 
ably allows the accumulation of non-eliminated substances capable of 
injuring vascular endothelium and causing edema. 

8. Potassium Chromate and Ricin.—In these controls occurred a 
very intense edema at the point of injection of the chrome solution, and 
for a distance of several centimeters about this point, but not involving 
the abdomen generally and with no accumulation of fluid elsewhere in 
the body. The infiltration was, however, more extensive than that fol- 
lowing chrome injections only, the result presumably of the added action 
of the ricin, on the blood vessels. 

9. Potassium Chromate and Venom.—This combination caused a 
widespread hemorrhagic edema of the subcutaneous tissues of the abdo- 
men encroaching in one anima] on the thorax and in another extending 
to the tissues of the neck and proximal portions of extremities. In 
none, however, despite the presence of small hemorrhages of serous 
membranes, did fluid accumulate elsewhere. 

These control experiments have been presented somewhat at length 
for two purposes: first, as fairly satisfactory controls of the preceding 
experiments, and, second, to illustrate some of the difficulties of con- 
trolling perfectly the three factors of plethoric hydremia, renal injury 
and vascular injury. It is evident that in most instances, with the doses 
here given, no one of these factors, or combination of two, is sufficient 
to produce a general condition which might be termed edema. (cca- 
sionally, however, it is difficult to interpret a small accumulation of 
fluid in one of the body cavities, and the value of the control is thus 
lessened. In this connection it is worthy of note that recently in lapa- 
rotomies on a series of five rabbits with albumin-free urine I have twice 
observed the presence of a small amount of free fluid in the abdominal 
cavity. It is evident, therefore, that normal rabbits, under ether anes- 
thesia at least, may occasionally present this condition. As has been 
seen, the third factor may at any time develop, as in Rabbit 102. in 
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which a severe nephritis unexpectedly complicated the experiment and 
led to a widespread condition of edema. Again, in Rabbit 100, an 
anuria, by allowing, presumably, the retention of products capable of 
vascular injury, was probably responsible for the unexpected edema. 

It may also be pointed out that the various controls with chrome 
salts illustrate the circumscribed influence of a simple local injury. 
Chrome alone causes a purely local edema. When water is administered 
simultaneously, the edema is not so sharply circumscribed, but may 
still be considered as localized. When chrome and venom are given 
together, the involvement of the subcutaneous tissue, despite the absence 
of artificial hydremia, is very extensive, without, however, the occur- 
rence of. increased transudation elsewhere in the body. 

From a comparison of the chief experiments and their controls it 
would appear justifiable to conclude that, for the production of general 
edema, the three factors—nephritis, vascular injury and an increase of 
the body fluids—are all essential. No one of these alone, and no com- 
bination of two, is sufficient. The frequent occurrence of anuria pre- 
cludes the possibility of a true hydremia, due to a loss of albumin, 
being a factor. That cardiac insufficiency may play a part is suggested 
by the frequent occurrence of edema in dependent parts, but on this 
point I have been unable to reach a definite opinion. 

Nature of the Kidney Injury—tIn regard to the question of kidney 
injury, it has seemed advisable to investigate one phase of this influence ; 
that is, whether the part played by nephritis in the production of edema 
is the result of a change in the character of the renal function or is due 
to a reduction of functional area. To determine this point, experiments 
have been made on ten animals, the kidney substance of which had been 
mechanically reduced by operation. From each the entire kidney and 
one-half (upper pole) of the left were removed under ether anesthesia 
according to the method described by Dr. Sampson’* and myself. Treat- 
ment was begun, in order to forestall compensatory hyperplasia, on the 
day after the operation and was carried on as in the ricin and venom 
experiments, except that chromate solution was not given for the produc- 
tion of nephritis. Two animals received ricin and venom, respectively ; 
two, water only; two, water and ricin; two, water and venom, and one, 
water and both ricin and venom. ‘The last of these died on the fourth 
day, as did also one of those receiving water only (renal hemorrhage). 
Of the others, one died on the sixth day, and the rest were killed one 


18. Sampson (J. A.) and Pearce (R. M.): A study of experimental reduction 
of kidney tissue with special reference to the changes in that remaining. Jour. 
Exper. Med., 1908, x, 745. 
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week after the operation. In none was there evidence of definite edema 
of the tissues or undue accumulation of fluid in the body cavities, al- 
though in the animal receiving venom only and in one of those receiv- 
ing water only, the serous cavities were unusually moist and contained 
a few drops of free fluid. 

The comparison of these experiments with those in which nephritis 
was produced indicates that the edema-producing effect of the nephritis 
is not to be explained by mere diminution of functional area. 

IV. THE EFFECT OF NEPHROTOXIC IMMUNE SERUM 

Heineke’s observation, that the serum of uranium nephritis, when in- 
jected into a hydremi¢ rabbit poisoned with chrome salts, had the power 
of causing edema, suggested a study of the influence of nephrotoxic 
immune serum. The result obtained by Heineke may be explained 
either by the action of substances which act as lymphagogues of the 
second order or by the injurious effect of some substance or substances 
acting on vascular endothelium and causing an alteration in the perme- 
ability to fluids. As such substances, developing in the course of neph- 
ritis, might be similar in nature to those of a nephrotoxic immune 
serum, which, as has been shown elsewhere,’® has other properties than 
its influence on the kidney, such a serum was prepared. This was done 
by injecting into small dogs the washed kidneys of rabbits. The serum 
thus procured was injected into rabbits with chromate nephritis. 

Preliminary control experiments were first made with normal dog 
serum. This was administered to two normal rabbits and to three rab- 
bits with chromate nephritis, and at the same time an excess of water 
was given. In the normal rabbits no evidence of edema could be found. 
The following experiment is illustrative : 

Rabbit 20, weighing 2,540 grams, received daily from Feb. 22 to 28, 1908, in- 
clusive, 100 cubic centimeters of water by stomach tube, and on each of these 
days 5 to 20 cubic centimeters of normal dog serum, either subcutaneously or in- 
traperitoneally. The animal was killed on the 29th. At autopsy no edema could 
be found. 

Similar results were obtained when the serum was given in doses of 
5 cubic centimeters daily in the ear vein. 

In the second series of controls, with chromate rabbits, two showed 
only a local edema at site of the chromate injection. In the third 
occurred a very striking edema of the mucous membrane of the pelves of 


the kidnevs, the ureters and the bladder. 


19. Pearce (R. M.): Concerning the specificity of the somatogenie cytotoxins. 
Jour. Med. Research, 1904, xxv, 576. 
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Rabbit 31, weighing 1,320 grams, received on March 16, 1908, 0.03 grams and 
on March 17 0.015 gram of potassium chromate; large amounts of albumin ap- 
peared in the urine after the first injection and persisted throughout the experi- 
ment. On March 16, 17, 18 and 19, 100 cubic centimeters of water were given by 
stomach-tube, and, on each of these days, 10 cubic centimeters of normal dog 
serum in the abdomen or the ear vein, alternately. The animal was killed on the 
20th. Autopsy showed a well-marked edema of the mucosa and submucosa of the 
bladder, pelves of the kidneys and of the ureters, the latter being most markedly 
involved and appearing as solid gelatinous structures with no visible lumina. 
The retrosternal and peritracheal tissues were also slightly edematous, but no 
fluid was found in the cavities of the body and no edema of the subcutaneous 
tissues except very slight swellings at points of injection. 

This very definitely localized edema was due apparently to the well- 
known toxie action of an alien serum affecting the vessels along the 
path of elimination, and it was hoped that this toxic action would be 
augmented by the nephrotoxic immune serum. Such a serum, as is now 
well known, is not specific in its action; in addition to its nephrotoxic 
power, it has also hemagglutinative and hemolytic properties, and af- 
fects, through these activities, the vessels of various organs. These lat- 
ter properties were those most desired. Two of three animals receiving 
this serum developed a most extensive edema, while in the third it was 
localized to the neighborhood of the chromate injections. The following 
experiment illustrates the severe type : 

Rabbit 22, weighing 1,480 grams, received on March 10 and 11, 1908, 0.03 gram 
potassium chromate subcutaneously. On each of the following three days the 
animal received 5 cubic centimeters of nephrotoxic immune serum in the ab 
dominal cavity and 100 cubic centimeters of water by stomach-tube. The urine, 
from the 11th on, contained large amounts of albumin and the animal died on 
the 14th. The autopsy showed a very marked subcutaneous edema over the entire 
abdomen and thorax which involved all four legs to the paws. The thoracic and 
abdominal cavities were about half full of clear fluid and the retrosternal and 
mediastinal tissues were edematous. The pericardial cavity contained an excess 
of fluid. The kidneys and their pelves and the ureters were greatly swollen by 
fluid, as were also the tissues about the spleen. The bladder contained no urine 

To control the action of the nephrotoxic serum in absence of chro 
mate nephritis, this serum was injected into two normal rabbits, which 
received an excess of water, with no results, except a moderate but very 
definite edema of the retrosternal tissues and with, in one, a small 
amount of fluid in the pleural cavities. One of these experiments fol- 
lows: 


Rabbit 25, weighing 1,630 grams, was isolated on Mar. 9, 1908. The urine 
was free of albumin on March 10. On March 11 to 15 inclusive the animal roe- 
ceived daily 5 cubie centimeters of nephrotoxic immune serum in the peritoneal 
cavity and 100 cubie centimeters of water in the stomach. On the 12th consider 
able albumin appeared in the urine and persisted throughout the experiment. 
The rabbit was killed on the 16th. A peculiar gelatinous edema of the retro- 
sternal tissues was present but no edema of the subcutaneous tissues or accumu 


lations of fluid in the cavities of the body. 
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From this group of experiments it is evident that, even in the pres- 
ence of hydremia, the toxic power of normal dog serum is not sufficient 
to produce serious disturbance, but that in an animal with kidney in- 
sufficiency due to a chromate nephritis a definite edema occurs. A 
nephrotoxic immune serum, which causes serious kidney injury, gives a 
somewhat similar grade of edema in hydremic animals; but in neither 
is the edema as severe as in hydremic chromate animals receiving neph- 
rotoxic immune serum. The influence of the latter combination shows 
the great importance of renal insufficiency; the kidney receives an in- 
jury from two different renal poisons, either of which alone is capable of 
causing a serious nephritis and which combined, in the presence of 
hydremia, cause an edema as severe as any noted in the course of this 
investigation. 

In these experiments an action on the endothelium of the vessels 
can not be definitely proved, but from our knowledge of cytotoxic im- 
mune sera it is proper to assume that the nephrotoxic serum contains 
endotheliotoxic as well as hemagglutinative and hemolytic bodies and 
that these endotheliotoxic substances may have been responsible for the 
severe type of edema. 

An attempt has been made, in connection with this last type of ex- 
periment to produce, by similar means, an edema in dogs, but without 
the administration of an excess of water. Nephrotoxic immune serum, 
as well as serum from animals with spontaneous and uranium nephritis, 
has been injected into dogs suffering from chromate nephritis. In these 
experiments the animal was allowed to drink water freely, but no water 
was given by stomach-tube. In none of six experiments was edema 
found. 

CONCLUSIONS 

In uranium nephritis the ease with which edema is produced when 
an excess of water is administered illustrates the importance of hydre- 
mia in the causation of edema. The influence of vascular injury is not 
very plain in the uranium experiments, but is conclusively shown in 
those in which ricin, venom and arsenic were administered in the course 
of a chromate nephritis; in all of these the influence of hydremia is 


also evident. 

A consideration of all the results recorded appears to demonstrate 
conclusively that, under the conditions of these experiments, plethoric 
hvdremia and vascular injury have equal value with nephritis in the 
production of edema, and that no one of these three factors acting alone, 
and no combination of two acting together, is sufficient to cause edema. 
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The experiments with nephrotoxic immune sera point to the possi- 
bility that substances, presumably endotheliotoxic and capable by vascu- 
lar injury of aiding in the production of edema, may be contained in 
serum. 
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PROTEIN METABOLISM IN ADDISON’S DISEASE 


CHARLES G. L. WOLF, M.D., ano H. C. THACHER, M.D. 
Department of Chemistry, Cornell University Medical College, and the Fourth 
Medical Division, Bellevue Hospital, New York City. 


Although Addison’s disease is one very closely connected with a 
vland which must have important functions regulating metabolism, 
since associated with tuberculosis of this organ are general weakness, 
loss in weight and a marked pigmentation of the skin and the mucous 
membranes. nevertheless the amount of chemical work which has been 
done in an attempt to throw light on the process is not large. 

Those investigators who have taken up the cases from the point of 
view of protein metabolism have in the main contented themselves 
with a study of the nitrogen balance, and these observations have been 
extended further to a simultaneous determination of the effect of the 
administration of adrenal gland substance on the protein breakdown. 

Even here the results are not uniform, for Senator’ believes that 
the physiologic effect of the gland substance in case of Addison’s dis- 
ease is to lead to increase in body weight and appetite and to produce 
a retention of nitrogen, but a slight minus balance in calcium. Both 
Kaufmann? and Pickhardt* report increased nitrogen loss during the 
administration of the tablets, and to-day the use of the gland in the 
treatment of the condition has lapsed into disfavor. 

Not all the cases of Addison’s disease, however, show a loss of nitro- 
ven, for in some it will be seen that nitrogen equilibrium may be main- 
tained on a diet which is not only low in nitrogen, but much below the 
average in heat units. Marchetti and Stefanelli,* on account of the 
way some of the patients react with this low nitrogen and caloric diets, 
advance the idea that the oxidative capacity of the organism is lowered. 

Some isolated observations that have been made on the urine in 
\ddison’s disease lead one to suspect that the nitrogen and carbon 
metabolism mav be abnormal. Leva® reports the presence of acetic 
and formic acids in the urine, and taurocholie acid was also said to have 
heen detected. Gerhardt and Reichardt also say that large amounts 


1. Senator: CharitéAnn., 1898, xxiii, 287. 

2 Kaufmann: Zentralbl. Stoffweechs. Verdauungskr.. 1901, ii, 173. 
3. Pickhardt terl. klin. Wehnsechr., 1S98, xxxv, 727. 

4. Marchetti and Stefanelli: Riv. erit. di clin. med., 1901, ii, 773. 

Leva Virehow’s Arch. f. path. Anat., exxv, 35. 


CHARLES G. L. WOLF—H. C. THACHER 459 


of fatty acids were found in the urine, and the observation regarding 
taurocholic acid has been confirmed by Jacoby® in what is admitted to 
be a doubtful case. Marchetti and Stefanelli and Maragliano lay con- 
siderable stress on the indicanuria, while Leva and Pickhardt, on 
what appear to be good grounds, criticize the view that indicanuria is a 
symptom due directly to disturbance of the adrenal function, and point 
out that the appearance of large amounts of indican in the urine is 
probably the effect of increased intestinal putrefaction, such as occurs 
in many cases with diarrhea, and diarrhea is common in this disease. 

That the protein metabolism, especially the endogenous protein 
metabolism, is lower than usual is indicated by the estimations of Leva 
of the kreatinin output. This observer found the kreatinin distinctly 
lowered, while in a control case of icterus the excretion was normal. 

With regard to the proportion in which the nitrogen and sulphur 
containing constituents of the urine are excreted, there is an absolute 
lack of information. 

It is true that Varannini,’ Marchetti and Stefanelli and Leva all 
give the results of urea and uric acid estimations. but the methods 
employed can not be used to determine what the influence of the condi- 
tion is on the nitrogen metabolism, so that these results will not be 
taken up in detail. 

REPORT OF CASE 


The case we report was that of a patient in Bellevue Hospital, and 
for the privilege of the examination we are indebted to the courtesy 
of Dr. Alexander Lambert. 

The abstract from the notes of the case is as follows: 


Patient.—M. M. male, aged 50, native of Ireland. There was no family 
history; no cancer or rheumatism. The patient drank beer, but seldom whiskey. 
He denied veneral disease. 

History.—The patient had had no illness up to four vears before coming 
under observation. He had to give up work on account of weakness and 
shortness of breath; was unable to walk without frequent stops for breath; 
had attacks of dizziness, with flashes before the eyes. About this time he 
noted that his skin was getting dark. This was first observed on the hands and 
face; later on other parts of the body. About two years later, he noticed that 
his legs were swollen. He arose two or three times in the night to urinate. 
He often had attacks of palpitation, but no fainting. His appetite was always 
good; he never had any gastro-intestinal disturbance. For two years he had 
pain and stiffness of the limbs after exposure to wet and cold. His chief 
complaint was general weakness. 

Physical Examination.—The patient had a large frame, was well nour 
ished, anemic, but did not seem to be acutely ill. The face and the upper part 

6. Jacoby. Charité-Ann., 1898, xxiii, 287. 

7. Varannini: Clin. med. ital., 1902, xli, 40. 
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of the body were deeply pigmented, with lighter streaks over the upper part 
of the face and forehead. The thighs and legs were lighter in color. The 
eyes were equal and reactive; to light normal; conjunctive very pale. The 
tongue was clean and moist; the dorsal surface showed patches of dark pig- 
mentation. This pigmentation was also seen on the inner sides of the cheeks. 
The neck was thick, rounded and rigid. 

Thorax: percussion, negative. Breath sounds, distant and _ indistinct. 
Posteriorly, crepitant rales over each base. Heart, not enlarged. Left border 
pereussed 10 em. to left of median line. Action fairly regular. Sounds clear. 
Systolic murmur heard best in the pulmonic area. Arteries thickened. Pulse 
small, low tension with quick upstroke. 

Abdomen: liver and spleen not enlarged. 

Extremities: slight clubbing of the fingers. 

The patient was quite weak, and very anemic. His appetite was always 
very great. Except for weakness and great hunger, he complained of nothing. 


Taste 1.—Bioop EXAMINATION 


Date. | = 5 | 8 | 
| | on | Ss fos] 
April 11. .| 15 | 1,410,000 | 5000 | 
| | | 
April 17...) 14 2500" | 44.5 | 205 | 85 | 50 | 205 | 15 
April 20. | 47004 | 47.0 | 193 105 | 43 | 193 | 00 
| 
April 2. 18 | 1,764,000 | 5400¢ 49.5 | 24.7 | 5.7 | 42 | 112 | 42 
| 
May 2. 17 1,604,000 | 2300) 52.3 | 22.3 8.6 | 36 23 
May 19... 6600 57.0 


* Normoblast. 
+ Normoblast (300 cells). 
t Myelocyte (200 cells). 


His bowels were very constipated until he was put on an oatmeal diet. The 
high eosinophile count which appears in the report on the blood findings 
remains unaccounted for. The stools were repeatedly examined for parasites 
and none found. Trichinosis was excluded by excising a piece of the pectoral 
muscle and examining for trichine. None were found. 

Dynamometrie Tests.—As general weakness is considered an important 
feature of Addison’s disease, several dynamometric tests were made on the 
patient during his stay in the hospital. The results are as follows: R. and 
L. hands. April 8, R. 29.3 K.; L. 22.6 K.; April 16, R. 33.8 K.; L. 31.6 K.; 
April 17, R. 38.4 K.; L. 27.1 K.; April 25, R. 29.3 K.; L. 22.6 K. 

Blood Pressure.—The blood pressure readings with the Janeway sphygmo- 
manometer gave the following: April 17, R. 142; L. 138; April 25, 155; May 
1, R. 116; L. 122; May 8, R. 107, L. 110; April 11 (Erlanger), Systolic, 128, 
Diastolic 90. 
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During the examination the temperature was subnormal, varying between 
96 and 98 degrees. The pulse rate was between 76 and 92, and the respiration 
20-24. The Calmette reaction was tried on several occasions with negative results. 


HOSPITAL LABORATORY REPORTS 

Urine.—April 4: Cloudy, amber; sp. gr. 1010; albumin, very faint trace; no 
sugar, few leucocytes, no casts, Cammidge’s reaction absent. 

Feces.—April 11: Light brown, semi-solid, normal odor, not fatty. Mi 
croscopic, few starch granules, many bacteria, no muscle fibers, no parasitic ova. 

Blood.—See Table 1. 

Diet.—For the purposes of an examination of his protein metabolism, the 
patient was put on a diet containing the following: Eggs, 280 grams; milk, 
960 c. c.; sugar, 16 grams; white bread, 130 grams; butter, 20 grams; boiled 
rice, 480 grams; oatmeal boiled, 900 grams: tea, 480 e. ¢. As the diet varied 
slightly from day to day, the amount of nitrogen, fat and carbohydrate are 

TABLE 2.—NITROGEN, Fat, CARBOHYDRATE AND CALorIC VALUE OF Foop 


| 410 | 95.8 890 | 1200 | 2500 
April 30.0... 1551 | 308 | 889 | 825 277 | 1130 | 2353 
bow | 820) 277 1130 | 2353 
May2............| 1551 | 398) 998 | 835) 277 | 1130 | 208 
May3............] 1551 | 398/889 | 825] 277 | 1150 | 2358 
| 308 | 88.9 | 825 | 277 | 1130 | 2358 
May 5 15.02 | 385/914 | 840 | 246 | 1010 | 2235 
| (843 | 236 | 968 | 2117 
| 398 | 88.9 | 825| 277 | 1130 | 2358 


given in Table 2 with the individual and total heat units of the food. As 
the average weight of the patient was 72 kilos and the average caloric value 
of the food 2300 calories, the patient received on an average 32 calories per 
kilo. 

The urines were collected in twenty-four hour periods, and the methods 
which have been used in the analysis have been given in the various papers 
of one of us. 

Nitrogen Balance.——We were unfortunately unable to collect the feces 
quantitatively in this case, and thus are unable to give the nitrogen and sulphur 
balances. An examination of the difference between the nitrogen intake and 
the amount excreted in the urine leads one to believe that a minus balance of 
nitrogen was improbable. The total nitrogen intake during the period of exper 
iment was 138.3 grams. Of this 97.6 grams were excreted through the urine. 
The patient’s weight at the beginning of the experiment was 66.3 kilos and at 
the end 65.8 kilos, a net loss of 500 grams. 


Date Received. 


April 30, ‘08... 


May 
May 
May 
May 
May 
May 
May 
May 


1, ‘08 


2, 
3, ‘OB. . 
4, "OS... 
5, 


6, "U8... 


7, ‘08 


8, 
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Volume of Urine.—As will be seen from the tables, exceptionally high 
volumes of urine are recorded, with a correspondingly low specific gravity 
On one day only did the volume fall below 1500 ¢.c., and on two days over 
2500 c.c, were passed. On the days on which the lower volumes were excreted 
there is a low nitrogen output. As the patient was exceedingly difficult to 
control it is possible, even with the care which was taken in watching him that 
some of the urine was lost. This is to a certain extent confirmed by the lower 
kreatinin elimination found on these days. 

Amid Nitrogen.—On this fraction of the nitrogen we are inclined to lay 
some special stress as representing the desamidating capacity of the organism 
which appears to be at fault in some conditions of toxic character. The present 
case represents a type of disease in which desamidation has not suffered in the 
least. Comparing the ratios here obtained with those found in normal individ- 


Taste 3.—NITROGEN AND SULPHUR PARTITION IN ApDISON’s DISEASE 


> | 

: 

~ ~ So = as ec 

Gem “ors orm | Pd ae 
2045 | 1007 |11.220/10.210 0.916} 9.294) 0.382) 0.074 0.554) 91.00 8.17 


2170 | 1007 (12.484 /11.320 1.138 |10.182) 0.384 0.074 0.702) 90.70) 9.15 


1890 1008 | 9,090! 8.320 0.800} 7.520 0.274) 0.060 0.436) 91.50) 8.80 

2510 1008 11,780 10.820 0.980! 9.840 0.340) 0,083 0.537) 91.90) 8.38 

2530 | 1008 (11.740 |10.728 0.860) 9.868 0.329| 0.056 0.627) 91.38) 7.32 


2280 1007 /11.628 |10.579 0.889 | 9.690 0.315) 0.059 0.675 90.96 7.65 
1008 110.980 [10.135 0.918) 9.217 0.333) 0.032, 0.480 92.28 8.36 
1360 1010 | 8.230] 7.655 0.691 | 6.964 0.258 | 0.018 0.299 | 93.00 8.40 


| 1930 | 1009 


10.500 | 9.726 0.965 | 8.761 0.310| 0.027 0.437 92.65 9.28 
uals, it will be seen that the average, 91.7 per cent, is quite as high as that 
which is found in healthy persons (88.5 per cent Shaffer‘) and ratios higher 
have only been found by Schondirfl and by one of us in animals receiving a 
large amount of meat. 

Ammonia Nitrogen.—Both relatively and absolutely compared with urines 
of normal individuals on a similar diet, the ammonia nitrogen is high. This 
is interesting in view of the fact that other investigators have drawn attention 
to the presence of unusual acid products in the urine. While these were not 
tested for in the present case, the fact that no acetone was found in any of 
the samples of urine tested probably excludes the presence of acetoacetic and 
beta-oxybutyrie acids. Despite this fact, one must admit a very considerable 


8. Shaffer: Am. Jour. Physiol., 1908, xxii, 445. 


Kreatinin. 
Per cent. 


82.83) 3.41 
| 81.55 | 3.08 
82.70 3.01 
83.52 2.89 
84.06 2.80 
| 83.31} 2.71 
83.92 | 3.03 
84.60 3.13 
| 3 
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degree of acidosis, not dependent on the character of the food intake. We hope 
at some future time to take up the study of this interesting feature of the case. 
Urea Nitrogen—Although the ammonia ratio is so much beyond that 
found in normal individuals, the high amid nitrogen ratio allows the urea ratio 
still to be quite within normal limits. The average for the entire series of 
analysis is 83.5 per cent, while Shaffer found for a similar diet 84.3 per cent. 
His ammonia ratio was however 4.3 per cent against our 8.3 per cent. 
Kreatinin.—As an index of the total endogenous metabolism, it was of 
considerable importance to determine what the output of kreatinin was. As 
will be seen from the comparison with the normal figures the kreatinin is low. 
The patient weighed 72 kilos. The average output of kreatinin nitrogen during 
the time of examination was 0.32 grams. Per kilo body weight this gives a 
“kreatinin nitrogen coefficient” of 0.32—-72—4.4. Even with the highest output 


TABLE 3.—NITROGEN AND SULPHUR PARTITION IN ApprIson’s Disease—Continued 


| 


Date 
Received. 


Nitrogen. 


Per cent. 
Per cent. 


thereal Sulphate. 
thereal Sulphate. 


“4 


Total Nitrog: n. 


Per cent. 
Gms. 
Gms. 
Gms. 
Gms. 
Per cent. 
Gms. 
Gms. 


4 


Uric Acid. 
Total Sulphur. 
Total Sulphate. 
Alk. Sulphate. 
Neutral Sulphur. 
Total Sulphate. 
Alk. Sulphate. 
Neutral Sulphur. 
100 Total Sulphur. 
Phosphorus. 
Chlorin. 


E 


April 30, 08. 0.70 2) 0.866 0.059 | 0.156 79.00 15.20 
May 1,°08.. 0.59 | 5.63 | 1.024 0.836 0.783 | 0.053 | 0.188 81.56 | 76.40 18.44 
May 2,°08.. 0.66 | 4.83 | 0.733) 0.578 | 0.536 | 0.042| 0.155 | 73.13 21.15 
May 3, °08.. 0.70 | 4.51 | 0.956) 0.783 0.670 | 0.113 | 0.173 | 70.09 18.10 
May 4,°08.. 0.48 | 5.34 | 1.017) 0.853 0.736 | 0.117 | 0.164 72.40 16.16 0.971 | 0.822 
May 5, '08.. 0.51 | 5.82 | 0.930) 0.798 0.707 | 0.091 | 0.132 85.77 | 75.98 14.23) 8: 1.015 0.565 
May 6, 08. . 0.30 | 4.39 | 0.967 0.817 0.066 | 0.150 | 77.64 | 0.945 0.423 


~ 
~ 
= 


1.000 0.454 
1.048 0.527 


~ 
~ 


x 
is 


| 0.760 | 0.516 


| 1.052 0.831 


May 7, 08... 0.22 | 3.65 | 0.722) 0.598 0.558 | 0.040 | 0.124 | 77.22 (17.12) 8.8 | 0.851 0.302 


May 8, 08. . 0.26 0.917 | 0.737 0.6 0.079 | 0.179 | 71.80 19.58 1.044 0.440 


All urines 


kreatinin nitrogen, viz., 0.384 grams, the coefficient is still considerably below that 
which Shaffer considers normal. The coefficient in Shaffer’s normal cases ranges 
from 11.7 to 5.4. Hence, in Addison’s disease, a condition usually associated 
with a considerable degree of muscular weakness, the coeflicient, as one might 
be led to expect from Shaffer's results, is low, and compares with what this ob 
server found in diabetes and similar affections. 

Kreatin—The question of the presence or absence of kreatin from the 
urine has seemed to one of us from results which he has obtained to be of very 
considerable pathologic importance. Its presence in the urine is associated by 
some investigators invariably with loss of body protein, although this is as 
suredly not always the case. Others attribute its excretion to an impaired 
function of the liver. In any case, its appearance in the urine, when the factor 


| | | | | 
| 
i 
‘ 
; 
acid. No kreatin. No acetone. 
i 
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of starvation can be successfully eliminated, is probably of pathologic sig- 
nificance. In this case, as will be seen from the tables, kreatin is absent from 
the urine, and in the experience of one of us, it is the first important disease, 
associated with general weakness, in which no kreatin has been found. More 
information regarding the behavior of other cases of Addison’s disease in this 
particular is earnestly desired. 

Urie Acid Nitrogen—On comparison with the data obtained from normal 
subjects, the uric acid nitrogen appears to be distinctly low, and this is es- 
pecially the case towards the end of the experiment, when on one day only 0.018 
grams were excreted. As an index of endogenous metabolism this corresponds 
with what was found in the kreatinin excretion. It is worthy of note that 
the low urie acid excretion is found on that day on which the lowest kreatinin 
output was observed. These results do not correspond with those of Marchetti 
and Stefanelli, who obtained on some days as much as a gram of uric acid, 
corresponding roughly to 0.3 grams of uric acid nitrogen. 

Rest Nitrogen.—The absolute amount of rest nitrogen corresponds closely 
with what has been found in normal urines. The ratio moreover is not only 
within the normal limits, but is even below the values usually obtained. 


THE PARTITION OF SULPHUR 


Total Sulphur.—tThe impression which one obtains from an examination of 
the exeretion of total sulphur is that it is high, and this is confirmed when 
one considers the relation which this component of the urine bears to the total 
nitrogen output. Shaffer’s last determinations of the values in normal individ- 
uals give a ratio of 7.2. In this series of analyses the ratio is more than 1 
per cent higher. While this is perhaps not of pathologic significance, one often 
sees in cases with the pathologie destruction of protein that apparently a type 
of protein is katabolized which is high in sulphur. 

Sulphate Sulphur.—Comparing the results here obtained with those of 
Folin and Shaffer in normal subjects it will be seen that the oxidation of the 
sulphur part of the protein molecule has proceeded in every respect like that 
of a normal individual. There is certainly no deficiency in oxidation in so 
far as the sulphur group is concerned as has been asserted by the Italian 
investigators of this disease. 

Ethereal Sulphate Sulphur.—In view of the importance which was at one 
time attached to the excretion of indican in Addison’s disease it is interesting 
to examine the output of ethereal sulphur. The figures uniformly are some- 
what high, especially on two days in the middle of the experiment, but an 
examination of the metaboles in normal individuals will disclose amounts of 
ethereal sulphur almost as high as those found here, so that one cannot assign 
to this any pathological importance. 

Neutral Sulphur.—Neither relatively nor absolutely is the neutral sulphur 
inereased above that found in normal subjects. As the sulphur of taurocholic 
acid would be found in this fraction, it is unlikely that the amount of tauro- 
cholic acid in these urines would be increased as some observers have claimed. 

We are indebted to Mr. Emil Osterberg for much help in performing the 
chemical analyses described in this paper. 


SUMMARY 


The nitrogen and sulphur metabolism in a case of Addison’s disease 


has been examined on a purin-free diet. The desamidating capacity of 
the patient and his capacity to transform the sulphur of the cystin 
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group into sulphuric acid were absolutely comparable to that of normal 
individuals. A considerable degree of acidosis was observed which is 
not accounted for by any factor which was found in this examination. 
The endogenous metabolism of the patient, as represented by the krea- 
tinin and uric acid outputs was below that of normal subjects. 
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MILD UNCINARIA INFECTIONS 


C. C. BASS, M.D. 
NEW ORLEANS 


Hookworm disease exists in a very large area of the civilized world, 
varying greatly in the extent of the infection in different localities. The 
Porto Rico Anemia Commission estimates that 90 per cent. of the popu- 
lation of Porto Rico are infected and that 30 per cent..of the deaths are 
due directly to this disease. No estimate can be placed on the number 
resulting from it indirectly. C. W. Stiles, who has especially directed 
attention to this disease in the southern states, has collected reports of 
many thousand cases all over the south. He is convinced that the death 
rate due directly thereto is very high, while that due indirectly to this 
disease is enormous. It is unnecessary to mention the importance of the 
economic side of the subject. The intensity of the infection varies 
greatly in different individuals. 

It is intended to discuss in this paper briefly mild uncinaria infec- 
tions (1) from the hygienic standpoint, (2) from the clinical side, and 
(3) to refer somewhat at length to certain manipulations in technic by 
which these cases can be more certainly recognized than by the ordinary 
examination of the feces. 

HYGIENIC CONSIDERATIONS 

For every well-marked case of uncinariasis in the infected section 
of the southern states there are several patients having from one para- 
site up to a number sufficient to cause the ordinarily recognized symp- 
toms. The proportion of mild to severe cases varies with the extent of 
the infection in a given locality, but it is perfectly consistent that there 
should be very few medium to severe cases in a given locality while yet 
a large percentage of the entire population may be infected to some 
extent. This is particularly likely to be true where there are many 
negroes. Negroes do not, as a rule, show marked symptoms, even when 
infected with many parasites. Those who have many eggs in the feces 
usually show only slight or no anemia if the blood is examined. 

Many of the mild cases are those of persons who wear shoes and in 
whom there is no history or little probability of skin infection. Adults 
are likely to fall in this class. This argues the probability of ‘mouth 


infection in this class of cases. 


Fig. 1.—Photomicrographic view of feces containing uncinaria eggs, Only one 


egg is shown. 


= 


s, practically free from fecal matter, obtained from specimen 


Egg 


shown in Figure 1. 
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Mildly infected cases should be treated and warned against soil pol- 
lution, just as severer ones, for they may be a source of infection to 
others and give rise to severe cases. Just here the southern negro de- 


mands special consideration. His habits and bad hygiene include so] 


pollution, which, as shown by Stiles and others, is the great source cf 
hookworm disease. The infected negro is a source of infection to other-, 
while he himself enjoys considerable immunity from the effects of t!- 
parasite. He here plays the same role as he does in the spread of yellow 
fever, which he has in a mild and usually unrecognized form. His 
immunity from the effects of yellow-fever infection is illustrated by the 
experience at Tallulah, La., in 1905. The number of cases was: whites 
80, with 18 deaths; colored about 950, deaths 5. Though there may not 
be the same difference in susceptibility to the effects of uncinaria infec- 
tion, I am sure it is very considerable. Mildly infected patients and 
infected negroes compare well with the typhoid or diphtheria bacillus- 
carriers or the chronic malaria patients. 
CLINICAL CONSIDERATIONS 

The symptoms of uncinariasis are not always in proportion to the 
number of worms present. This no doubt is influenced largely by indi- 
vidual susceptibility and individual capacity of blood regeneration. It 
frequently happens that a patient with many worms has few or no 
symptoms, whereas another patient with few worms may have severe 
anemia or other symptoms. I am convinced, however, that those who 
have mild infections generally do not have recognizable symptoms. 

Out of 152 cases of infection seen in which the symptoms were not 
sufficiently marked to attract special attention—cases which were, there- 
fore, properly classed as mild—in only 26 per cent. was there more than 
4 per cent. of eosinophiles, and in only 6 per cent. of the cases was there 
more than 6 per cent. of eosinophiles. Complete blood examination was 
made in 62 of these cases. The average percentage of hemoglobin was 
90. The average number of red corpuscles was 5,125,000. 

Of the 152 cases, 32 per cent. gave a history of more or less indiges- 
tion; 34 per cent. gave a history of pains and tenderness on pressure in 
the right side of the abdomen. 

It is through the courtesy of Dr. J. B. Elliott, Sr., former professor 
of medicine in Tulane University, who was one of the first in our sec- 
tion to recognize the réle of uncinariasis in producing a variety of vague 
digestive and abdominal symptoms, that I have seen several of these 
cases. The following cases are illustrative: 


| 
{ 
| 


445 WILD UNCINARIA INFECTIONS 

Case 1.—J. B., aged 39, male, white, merchant, was well developed and looked 
fairly well; had never had ground itch; lived in town. He had had vague pains 
in the right side of abdomen as long as he could remember; said he was nervous 
and had “indigestion.” Pains were not related to the time of eating. Physical 
examination failed to reveal anything abnormal. There were a few eggs in the 
stools; fourteen worms were recovered, The patient recovered entirely and gained 


nine pounds in nine weeks. 
Case 2.—L., aged 61, white, farmer’s wife, had had no ground itch. The 
negroes on the plantation had it. The patient had had pains in the right sidle 


and uneasiness in the abdomen for the past six years, not related to meals; ten- 
Physical examination showed nothing abnormal. There 


derness was not present. 
The patient recovered on treatment 


were a few eggs in the stools; no anemia. 
with thymol. Eight months later she was still well. 

Case 3.—Paul H., aged 42, male, white, lawyer, complained of indigestion and 
frequent headaches. He had tenderness in the right side of the abdomen. There 
were a few eggs in the stools. The patient was relieved of indigestion and head- 
aches after the first course of thymol. 

It would be impracticable to relate here enough cases to prove that 
the vague and indefinite symptoms referred to are frequently due to 
hookworms and that their occurrence in uncinariasis is not a coinci- 
dence. One who has met a large number of such cases and seen the 
prompt relief following treatment becomes convinced, I believe, that a 
very few worms may give rise to such symptoms without the production 
of anemia. 

All who have had much experience with the disease have, however, 
seen cases with few worms and severe anemia. Hypersusceptibility to 
the toxin or possibly anaphylaxis may explain this. These cases form a 
striking contrast to what is seen in the negro with his many 
worms and no symptoms. Such instances should be regarded as cases of 
uncinariasis of medium or marked severity. They are often unrecog- 
nized through insufficient examination of feces. Many of the patients 
have had severer infection which has been reduced, but they have been 
unable to recover from the effects of the toxin. It is possible that old 
parasites may cease to ovulate long before they die. This hypothesis 
would explain cases in which there are few eggs and severe symptoms. 


RECOGNITION OF THE OVA 
The recognition of infections in which there are only a few para- 
sites, or the determination of the moment when all parasites have dis- 
many eggs are 


appeared under treatment, is not always easy. When 
are 


present, a positive report is easy to make; but when very few eggs 
present it may require a long search over many slides before any can be 
To make a conscientious and reliable negative report, one must 
I want to call 


found. 
look over many slides if the ordinary technic is followed. 
attention to certain modifications of technic which make the examina- 
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tion far more reliable and save much time and labor. Following this 
technic one should find eggs if only one laying worm is present. This 
method of procedure is based on recognition of the specific gravity and 
shape of the eggs in relation to that of other material of the feces. 
Feces consist largely of bacteria, undigested food particles and crystals, 
insoluble grit, ete. The specific gravity of these different elements 
varies considerably. The specific gravity of fresh uncinaria eggs is be- 
tween 1050 and 1100. When they grow old this is increased in many 
specimens. 

A quantity of feces is well diluted with water,one in ten,and strained 
through gauze to get rid of coarse particles. This is centrifugalized, the 
fluid poured off, the centrifuge tube refilled and centrifugalized again 
until all the diluted feces have been used. The precipitate is rewashed 
several times with water as long as anything can be washed out. To 
know just how long to continue the centrifugalization is the secret of 
success. One must learn just what is the proper time for his centrifuge. 
It should be carried out at high speed and just long enough to throw 
the eggs to the bottom. Too long centrifugalization defeats the purpose. 
With a centrifuge running 3,500 revolutions per minute, ten seconds at 


first, when there is much matter, and then four to five seconds is usually 
the proper time. The centrifuge must be steady. This gets rid of most 


very small things, those having flat rough surfaces and those having a 
specific gravity about that of water. Now the precipitate should be 
washed as before, using calcium chlorid solution of a specific gravity up 
to 1050. (Calcium chlorid is preferable to other salts because of its 
hygroscopic property. This was suggested by Professor A. L. Metz.) 
This disposes of everything having a specific gravity below 1050, and 
the precipitate may now be examined. There frequently remains a con- 
siderable amount of material, much of which is considerably heavier 
than the eggs and of such a character that it interferes much with their 
recognition. This material may be removed by centrifugalizing with a 
solution sufficiently heavier than the eggs. A solution with a specific 
gravity of 1250 is very satisfactory. In such a solution the eggs go to 
the top and other material below. With an appropriate pipette one may 
remove a few drops from the surface and examine, or, what is still bet- 
ter, pour off some of the top fluid containing eggs, dilute with water 
sufficiently to bring the specific gravity below 1050 and centrifuge 
again. The precipitate will now contain most of the eggs contained in 
the original amount of feces and may all be put on one slide and ex- 
amined. One such slide contains as many eggs as could be found in 
several hundred ordinary slide preparations of feces. 
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With this technic I was able to recover 96 per cent. of 1,000 eggs 
put in one ounce of feces, 94 per cent. of 100 eggs in the same quantity, 
and 60 per cent. of 10 eggs in one ounce. From specimens containing 
many eggs they may be obtained practically free from anything else. 
The accompanying illustrations show the results obtainable. I am in- 
debted to Professor Beyer for making the photomicrographs from which 
the cuts were made. 

The procedure may be of service when it is desired to obtain quanti- 
ties of eggs free from feces for experimental purposes. It should be 
used before making a negative report or pronouncing a patient under 
treatment to be positively free from parasites. Good results can be ob- 
tained only with fresh specimens, and preferably those taken following a 
dose of epsom salts. In old specimens the specific gravity of the eggs 
may go even above 1250. 

Before making use of this technic on questionable specimens the in- 
vestigator should familiarize himself with just what is accomplished by 
the different steps, using specimens containing many eggs. Unless he 
does this and also tests his centrifuge he will be disappointed. Solu- 
tions of calcium chlorid of several different strengths should be used 
when it is desired to get eggs absolutely free from other material, but 


for ordinary diagnostic work two solutions, one of a specific gravity of 


1050 and one of 1250, are sufficient. Washing with water alone is of 
much service. 
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CURRENT IDEAS ON APHASIA 


WITH STUDIES OF AN INTERESTING CASE* 


A. W. HOISHOLT, M.D. 
STOCKTON, CAL. 


HISTORY OF THE THEORY OF APHASIA 


The first observations on the subject of aphasia were made by Bouil- 
laud in 1825 and by Dax, senior, in 1836, but the fundamental under- 
standing of speech-defects and of their origin in lesions of the brain- 
cortex is due to the studies of Broca, who formulated the results of his 


researches in a declaration made before the Academy of Medicine of 
Paris in 1861, in which he claimed to have shown that the center of 
speech is located in the third frontal convolution of the left hemisphere. 
Since Broca, in the early seventies, finally succeeded in overcoming al! 
opposition to his doctrine, establishing that the location of the speech 
center in the right hemisphere is found only in left-handed persons, 
the cerebral location of the center of speech has been moved more and 
more laterally and posteriorly in the cortex. It is especially to Wer- 
nicke’s clinical and pathologic researches that we owe a fuller undev- 
standing of the subject. He has given us a scientific basis for the sub- 
division of aphasia into two distinct forms, a motor aphasia and a 
sensory aphasia, for the understanding of which it is necessary ty 
assume the existence of three cortical centers, a motor center in Broca’s 
convolution for the perception of speech-movements, a center for audi- 
tory word-pictures in the posterior half of the first temporal convolution, 
and a center for the visual word-pictures located more posteriorly in the 
angular gyrus. Wernicke and Déjerine do not recognize a special center 
for written word-pictures, but teach that efferent nerve-impulses pass 
from the visual and auditory centers directly to the general arm-center. 
Through these three centers each word-picture may be said to have three 
dimensions, an auditory, a visual and a motor-speech, each picture- 
dimension varying greatly in importance and in independence of the 
other two in different individuals. 

Charcot divided man, in accordance with this idea, into three 
groups: les auditifs, in whom the sound-picture plays the greatest réle: 


*Paper read before the Sacramento Society for Medical Improvement, June 
16, 1908. 


he 
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les visuels, who depend largely on the optic pictures, and les moteurs, 
who make most use of the memory of spoken or written words. 

The terms used in connection with the subject of aphasia have been 
manifold and many chaotic changes have been made in the application 
of the terms. Thus, Finkelnburg applied the term “asymbolia” te 
aphasia in general. Aphasia was at one time confined to its motor form. 
while before that Broca (in 1865) suggested the term “aphemia” for 
motor aphasia. Now aphemia is applied by some to cases of pure word- 
deafness. Kussmaul’s differentiation between amnestic and _atactic 
aphasia is obsolete, because amnesia is present in all forms of aphasia. 

Various terms are employed to define the elementary manifestations 
making up the defects of speech-functions. “Agraphia,” a loss of abil- 
ity to write, was first discovered as a symptom by Marcé in 1856 (the 
name “agraphia” was invented by W. Ogle in 1867). “Alexia” is the 
inability to read written or printed letters. “Amusia” is a loss of th 
ability to produce or comprehend music, and may accordingly be motor 
or sensory.’ “Paraphasia” is an interchange of words. When the inter- 
change is observed in reading or writing it becomes a “paralexia” or 
“paragraphia.” 

“Asymbolia,” instead of being a term for aphasia in general, is now 
applied to a disturbance in the understanding of gestures (sensory asym- 
bolia), or to a defective emission of motor impulses to produce gestures 
spontaneously or in reply (motor asymbolia). It is supposed to be 
caused by a focal lesion of the supramarginal gyrus and may or may not 
be combined with hemianopsia. Aphasia may sometimes, in the total 
absence of motor paralytic symptoms, be associated witb an inability 
to handle or make use of objects in the manner for which they are 
designed. This perversion of muscular action has been termed “apraxia.” 
An apractie patient may, for instance, put coins given him into his 
mouth, may not know what to do with matches or a match-box, may not 
know what to do with a knife, or he may not be able to close his eves on 
command, or to open his mouth; he may use the spoon at the table 
very awkwardly, or, when told to take off his trousers, may help the 
left leg with his right hand, ete. The patient acts as if “his limb were 
absent-minded,” and always shows the symptom, although he has under- 
stood the command fully. Apraxia may be observed in the right, but is 
usually present in the left extremity. It is only recently that this dis- 


1. A case of the latter form of amusia observed in the Stockton asylum in 
1890-1892 was reported by me in the Occidental Medical Times, September, 1893. 
An excerpt was afterwards published in the American Journal of Medical 
Sciences, February, 
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turbance has been fully explained by H. Liepmann* of Berlin, who 
reported a case of motor apraxia in 1900. His findings have been cor- 
roborated by others. The disturbance is supposed to be due to lesions 
in the supramarginal gyrus and in the corpus callosum, where the lesion 
causes a destruction of the commissural fibers uniting one hemisphere 
with the other, making one hand—usually the left—guideless. 

After Broca’s doctrines of speech-localization had been undisputed 
for a period of half a century a neurologist came forward with a treatise 
in which he tried to establish proofs so completely upsetting this theors 
as Dr. August Wimmer* of Copenhagen 


that his publication has acted 
puts it—like the battle signal of Roland’s horn when it echoed through 
the valleys of Roncesvalles. 

When the first articlet of this noted neurologist, Prof. Pierre Marie 
of Paris, one of Charcot’s most eminent pupils, appeared about two and 
a half years ago it could not fail to act like an earthquake to the current 
views on brain localization, as its title was, “Revision of the subject of 
aphasia: the left third frontal convolution plays no special réle in the 
function of speech.” While time will probably show that Marie has 
gone a step too far in making this positive statement, he is no doubt 
right in pointing out that the area of cortex destroyed is not a true 
index of the damage to the brain, the destruction subcortically extending 
in different directions and usually complicating the clinical picture by 
affecting the function of distant parts of the brain. In this way, he 
says, observers have fallen into error by ascribing all loss of function t) 
lesion of the cortical area involved. Marie asserts that one finds cases 
of isolated destruction of the base of the left third frontal convolution 
in non-left-handed persons in whom there was no aphasia. He has 
observed one such case himself; and, on the other hand, says that he 
has met a case of pronounced Broca’s aphasia without finding a lesion 
in this region of the brain. It is most singular that this part of Marie’s 
personal siudy of the very brains which led Broca to make observations 
resulting in hig epoch-making declaration in 1861 relative to the locali- 
zation of the certer of speech, a declaration which, though at first op- 
posed by Trousseau, Vulpian and Charcot, was afterward established 
as a doctrine and almost became a dogma, helped along by the enthu- 
siasm of his followers and the results of experiments of cortex-stimula- 
tion in the early seventies. Even Charcot finally adopted the teachings 


2. Liepmann (H.): Ueber die Rolle des Balkens beim Handeln, ete. Allg. 
Ztschr. f. Psych., lxiv, 450. 

3. Wimmer (August): Hospitalstidende, Oct. 23, 1907. 

4. Semaine méd., May 23, 1906. 
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of Broca. The brains above referred to are still found as specimens 
in the Musée Depuytren in Paris, and when they were examined by 
Marie it was found that Broca had examined them only on the surface 
and macroscopically. In the first of the two brains, Leborgne’s case, 
Marie did find an affection of the left third frontal convolution, but he 
also found changes, and still greater ones, in the zone of Wernicke or 
zona lenticularis. In the second brain, Lelong’s case, there were no 
pathologic changes in the last mentioned zone, but there was also an 
absence of characteristic lesions in the left third frontal gyrus. The 
brain was atrophic tn toto and included an atrophy of the last men- 
tioned gyrus, but what Broca considered a pathologic change is now 
looked on as a simple senile atrophy. The patient was eighty-four vears 
old and probably presented symptoms of senile dementia. 

A further declaration by Marie is that “every aphasic shows a more 
or less pronounced disturbance of the understanding of the spoken word. 
which defective understanding is less pronounced the more motor the 
type of aphasia.” This disturbance in the word-understanding is not 
a word-deafness, as Wernicke says, but a loss of ability to understand 
the meaning of the concrete word—the aphasic of the motor type under- 
standing a complicated command when repeated slowly a part at a time. 
Marie sees in this an enfeeblement of intelligence, which he considers a 
cardinal symptom of every aphasia, associated with loss of ability to 
read and write. Marie says that there is, therefore, but one cerebral 
location for aphasie disturbances, because there is but one aphasia. 
Broca’s aphasia he considers an anarthria (due to a lesion in the lenticu- 
lar nucleus, in the anterior knee of the internal capsule and in the cap- 
sula externa of the left as well as of the right hemisphere) ; that is, an 
incoordination—not a paralysis—of the muscles of speech, which inco- 
ordination is complicated with aphasia. Marie’s one cerebral location 
for aphasia is Wernicke’s zone (gyri supramarginalis et sngularis), the 
base of the first* and second temporal convolutions. 

Marie says that it is incorrect to speak of different centers as “word- 
center, visual-center or reading-center.” Whenever Wernicke’s zone is 

5. With regard to our present knowledge of the microscopic structure of the 
first temporal convolution, it may be here stated that Dr. Campbell, of Edin- 
burgh, has demonstrated the presence of very large nerve-fibers and a certain cell 
structure lamination in the posterior third of the first temporal convolution and 
the adjacent portion of the transverse gyri of Heschl within the Sylvian fissure, 
which join the posterior gyri of the insula. Campbell believes that this differ 
entiates the above region sufficiently from the rest of the temporal lobe and the 


anterior part of the insula (which latter is probably olfactory in function) to be 
characterized as “the audito-sensory area.” 
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affected we have the syndrome, Wernicke’s aphasia, with the elements 
of word-deafness, alexia and agraphia, the degree of defect being pro- 
portional to the extent of the lesion. Broca’s aphasia is, therefore, Wer- 
nicke’s aphasia plus anarthria, which combination is so frequent, because 
it is due to softening caused by blood vessel disease, usually disease of 
the arteria fosse Sylvii, which gives the vascular supply to certain 
parts of the cortex, principally bordering on the Sylvian fissure, as well 
as to certain parts of the central ganglia and neighboring white sub- 
stance of the brain. The variations in the clinical pictures of aphasia 
are more dependent, according to Marie, on individual variations in the 
blood-vessel supply and anastomoses than on the topography of the cere- 
bral convolutions affected. 

While some of Marie’s conclusions are true, or at least worthy of 
serious consideration, others have provoked sharp contradictions, both in 
France and Germany. In France it is Déjerine especially who has erit- 
icised them. In a masterly manner Déjerine points out that, even if 
the speech-understanding is at times—though not necessarily—affected in 
motor aphasia, it is much less so than in the sensory form, and, when 
found in the patient directly after the insult, it disappears quickly with 
the initial alexia and agraphia. Déjerine also insists that a pronounced 
and permanent anarthria can not be caused by a lesion in the lenticular 
nucleus, and he states that he has never seen a pronounced anarthria fol- 
lowing a unilateral lesion, whether in the cortex or in the internal can- 
sule. The great majority of writers make a sharp distinction between 
anarthria and motor aphasia. The few words still at the command of 
the motor aphasie are well articulated, and, as Déjerine says, one may 
meet patients suffering from this form who can sing melodies learned 
prior to their illness with absolute correctness, both as to pitch and 
time, while it is impossible for them to cite the words; “the patient with 
motor aphasia is, therefore, not suffering from dysarthria.’ 
can pronounce only a few words—the sufferer from anarthria all words, 


“The aphasic 


but badly.” On the subject of intelligence-defects in the aphasic Déjer- 
ine has pointed out that a general paralytic can speak and write, and his 
feeble-mindedness is much more pronounced than the intelligence-de- 
fects observed in an aphasic individual. 

In Germany Heilbronner, Liepmann, Henneberg and others have 
expressed the same views as Déjerine. The first-mentioned believes that 
the intelligence-defects observed by Marie are in a large measure the 
result of misinterpretation of the symptom of apraxia. 

When Marie’s teachings were discussed at a meeting of the Société 
de neurologie de Paris (Nov. 8, 1906) Dr. André Thomas said that he 
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did not deny that in some cases of aphasia there might be a diminution 
of intelligence, but he attributed it to a more or less marked dis- 


turbance of the “inner speech.” This “inner speech” is the mental 


repetition of words or sentences subconsciously practiced in understand- 


ing the spoken word. In motor aphasia there is an interruption in the 
transfer of the word-picture (that is, the sound-picture) to the motor 
speech-apparatus, which makes the memorizing difficult, to which be- 
comes added a further difficulty in the reproduction itself of the word- 
picture. Marie’s doctrine of loss of intelligence in the aphasic has been 
considered the least tenable of his new theories. 

In spite of the large clinical material which is at the command of 
Déjerine, he has so far been able to furnish but two cases to prove that 
Broca’s aphasia may be caused by an isolated destruction of the third 
frontal gvrus. and these were published about a year and a half ago 
(May, 1907). The two cases published by Déjerine some months before 
this to illustrate motor aphasia did not stand the scrutiny of Marie, who 
in a later article showed that the lesion extended in one of the cases 
hevond Broca’s region into the white substance under the gyrus supra- 
marginalis or the neighborhood of the zone of Wernicke, while in the 
other case Marie shows that. besides the cortical lesion, a degeneration 
was found in the internal capsule and the external part of the thalamus. 
In justice to Marie it must be admitted that it is surprising that the 
medical literature has so far furnished so few clear cases in proof of the 
existence of Broca’s center. The justification for its elimination, how- 


ever, has not been fully established. 


REPORT OF CASE 


During the past vear I have studied a very interesting case of aphasia 
at the Stockton State Hospital. It was interesting because of the com- 
plete word-deafness present, especially in the early part of the history 
of the case, combined with complete alexia and agraphia and a certain 
degree of apraxia mixed with asvmbolia, the patient appearing at th: 
same time to be quite intelligent considering his age and the svmptom- 
complexes present. He was neat in person, energetic in his attempts to 
make the nurses understand his wants and attentive to his fellow pa- 
tients. He showed acuteness in visual apperception and his behavioi 
as to affects seemed quite normal. Besides being clinically interesting, 
the pathologie findings have a certain bearing on the questions stirred up 
by Marie’s publications. The encephalomalacia found in the case was 
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without doubt caused by the lodging of an embolus in the artery of the 
left Sylvian fissure. In such cases it is, of course, extremely difficult to 
decide how far the symptoms present during life were due to destruc- 
tion of gray matter of a certain locality or to degeneration in the under- 
lying white matter, which contains not only afferent and efferent neu- 
rons, but also association-fibers connecting more distant parts of the 
cortex. 

History.— J. G. W., aged 72, farmer, well nourished for his age, was admitted 
to the institution June 26, 1907. From relatives it was learned that there was 
no history of insanity or nervous diseases in the family, but his father and sis- 
ters were said to have been subject to attacks of articular rheumatism and heart 
trouble. There was no history of apoplexy. He had enjoyed very good health all 
his life until about twelve years before admission, when disturbances referable to 
the heart began to set in; these, however, were slight, consisting of palpitation, 
some sensation in the region of the heart and dyspnea on exertion. Prior to May 
6, 1907, he did light work about the house, was active for his age, interested in 
the newspapers and wrote a good average hand. He nad always been right 
handed, 

Present Illness.—On the morning of May 6, while he was dressing himself, 
his wife, who was in an adjoining room, heard him fall, and on going to him 
found him lying in an unconscious state on the floor. He could not be aroused 
and remained in this condition about three days, when he gradually recovered 
consciousness and could say two or three words. The attending physician re 
ported that he was quite prostrated, apparently equally helpless in all four ex 
tremities. No paralysis in the face was observable, but a speech-difficulty was 
apparent. He could say only a few words, which were misapplied, could not make 
himself understood, nor could he understand what was said to him. No detailed 
investigation into the nature of the manifestations was made at this time. About 
a month after the attack began he was able to leave his bed and seemed to have 
about equal strength in the right and left extremities, but showed the same diffi- 
culty in understanding and making himself understood, and seemed confused and 
irritable because the family could not carry out his wishes. This irritability kept 
on increasing until about a week before his commitment, when he became threat 
ening and violent, frightening his family and the neighbors so that they finally 
had him sent to the asylum. 

Examination.—When he arrived at the institution the patient seemed to have 
become quiet and showed no excitement or irritability. He seemed well pre 
served for his age as far as his outward appearance was concerned. His pulse 
was 70, irregular and intermittent every five to seven beats, radials and temporals 
arteriosclerotic. Heart dulness extended to the upper border of the third rib and 
to the right border of sternum; apex beat was in the mammillary line. A faint 
systolic murmur was heard at the ensiform and at apex; the diastolic tone was 
roughened. Pulsation of the carotids was visible in the neck. Lower border of 
the liver was sensitive to pressure, and found about one inch above umbilicus. 
The spleen was not perceptibly enlarged. Auscultation of the lungs showed noth- 
ing pathologic. The cranium was fairly symmetrical, not sensitive to percussion. 
There was no edematous swelling of face, and no defective function of eye mus- 
cles. Pupils reacted normally and equality was present. Fundus: Right eve 
showed optic disk of normal color with clear-cut margins and without cupping. 
The blood vessels showed distinct pulsation in the veins. Left eve: Chorioidal 
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atrophy around rim of disk, which was otherwise normal. Pulsation of veins 
likewise observed—not of arteries. Perimetric examination of the field of vision 
gave the results shown in Figure 1. 

There was slight inequality in the right side of the face; the upper nerve 
branches not involved. The tongue pointed straight and was equally movable; 
soft palate normally suspended; sensibility in face normal. The patient had 
good use of his upper extremities. The dynamometer showed 421% in the right, 
59 in the left hand, There was no :nuscular atrophy; sensiblity and _ retlexes 
normal, The patient’s walk was erect, gait normal, muscular strength in lower 
extremities about equal. There was no incoordination in upper or lower extrem 
ities. Romberg was present to a slight extent. There was no atrophy of muscles 
in lower extremities. The knee-jerks were equal and about normal; other tendon- 
reflexes and skin-reflexes likewise. The bowels were fairly regular; no symptoms 
of indigestion. Urine contained no albumin or sugar. The patient made the im- 
pression of being quite bright and active. He was fairly well oriented as to time 
and place; his behavior was orderly, the state of affects was quiet and the atten- 
tion was markedly present. There were no symptoms of confusion and no halluci- 
nations or delusions ascertainable. He was cleanly in habits. 


Fig. 1.—Perimetric examination of patient’s field of vision. 


1. Examination of the Speech-Ability—In talking with the patient it is at 
once noticeable that he used only a few words, but these words are well pro- 
nounced—the stamp is nearly perfect, no trace of inarticulation. 

\.—Spontaneous Speech: This is characterized by a search for words and 
by paraphasia, Being paraphasic his words are, of course, usually irrelevant and 
sometimes unintelligible but not muffled. 

B.—Repetition of Words Spoken by Examiner: Short simple words in com- 
mon use he repeats fairly well, as “good morning.” Uncommon or longer words 
he can not repeat. 

Examiner, requesting patient to repeat: “This is the 16th of September.” 

Patient: “This is— Say, I don’t know as I understand that name just 

exactly.” 

Examiner: “This is the 16th of September.” 

Patient: “I don't understand it.” 

Examiner: To-day is Thursday.” 

Patient: “Yes, sir.” 

Examiner: “You repeat, this is 1907. 
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Patient: “This is 19— site, site, he it. I can’t do it.” 

Examiner: “They have commenced to pave the streets.” 

Patient: “They went to work, to see him at the work.” 

C.—Understanding of Speech: The patient now and then fails to understand 
the words spoken to him, sometimes not when the question has been repeated sev 
eral times; and when he replies to questions he tries to employ circumlocutions 
and uses paraphasic expressions. At first he answers questions in a quiet way 
but soon shows excitement and paraphasic expressions are uttered more and more 
until a jargon is the result, or, as the Germans say, Wortsalat. He is visibly 
annoyed by his failures and makes earnest efforts to overcome them; sometimes he 
succeeds and shows he is conscious of his inefficiency. 

Examiner: “What is your name?” 

Patient: “It’s G. G. G. J. Hoppa in Wallapalla.” 

Examiner: “How old are you?” 

Patient: “152 reason—yes sn, I have; sometimes I can step as well as can 

be, sometimes I can’t do it.” 

Examiner: “Where were you born?” 

Patient: “The doctor, doctor, you want me allow where I do; don't you 
Derwood. It was Annie Lary—he lives in assent, absert, all on postaros; 
some of them was of the colatos. You could say it, but I can’t say it some 
times. Sometimes for two or three days, I will just see it all right.” 

Examiner: “Where are your people?” 

Patient: “She has the ageration of pusen of noderats of all the people, and 
I want to say enough to now my father—the last she says and he lived with 
her, my father. You don’t want to see she is out of the opponies of one all 
elderly of this country so winisin, nor nothing of the kind. I never tried to 
hurt any one; well sir I can’t tell you in a minute, if I can think of it, 
if I can see it, all right.” 

Examiner: “How came you to be here?” 

Patient: “No, sir. I never tried to hurt anybody in my life, the brother: 
no sir, I never did, and they done it, that is more; just as quick as I can 
used among the lose. Never in my life have I been in an asylum. No sir, 
I never had the thoughtness. I was so hurt with it.” 

D.—Identification of Objects: The patient hardly ever names the object cor- 
rectly, or identifies it from among a number of names, although he sometimes 
recollects part of the word or something resembling it; frequently he circum- 
locutes. 

Examiner: Shows patient a key. 

Patient: “No sir, it is no medicine, it majiness.” 

Examiner shows an ink-bottle. 

Patient: “Quickness, I guess, doctor, I should think it was.” 


Examiner shows scissors. 

Patient: “It will cut the rappa, you can get of that cotta.” 

Examiner shows a postage stamp and asks: “Is that a pen-knife, a pencil or 
a stamp?” 

Patient: “Well, sir, it was a hipna of the masons, the ridamite of the doctor.” 


Examiner shows a pair of scissors again, 

Patient: “Scisson, sitton, chisel, shudden, scissum, sicum, hipple; an aggita- 
tor of this shittum that cut it up and sent them all up together for a long 
with somebody else.” 

Three pieces of paper of different length being placed on the table, the patient 

is asked to give to the doctor the longest. 

He takes hold of the longest but leaves it on the table. 

‘Examiner: “Give me the smallest of the three pieces.” 
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He picks out the correct piece but ieaves it on the table when told to give 
it to the doctor. 

Examiner: “Pick out the medium-sized paper and give it to me.” 

Patient (He doesn’t seem to understand): “I can’t say that I did; that ligat 
person there—that doctor there (pointing to the nurse) can tell you just 
as much about it as 1 can. You want the bigginess pound?” Picks out the 
largest piece of paper. 

He is told to rise, go to the bed and get the paper and put it on the table. He 
dloes so correctly. 

When told to get up from his chair, shut the door and go and get the smallest 
piece of paper and give it to the nurse, he rises from his chair, goes past 
the door into the hall and asks: “Did you want me to go out?” 

When told again to do the same thing, the command being repeated three 
times, he gets up from his chair, goes out into the hall and says: “I will 
come when you are ready. 

2. Ability to Read.—The patient was given his spectacles and told to read 

aloud the word “Monterey.” 

Patient: “Yes, sir, he is appola, mesia, anesia, meni, memisia, deme.” 

Pointing to one letter at a time of the word “Monterey,” the examiner asks 
the patient to name each letter. 

M—*Doetor.” 

N—Nego.” 

T—60.” 

E—*Eda.” 

Derider.” 
“Hita.” 
*Juney.” 


When asked to read “Joseph,” spelling it, he spells, “M, w, j, h. 
Asked to read the word “hat,” he reads, “Satch,” “book,” “kemipy.” 

Asked to spell “Stockton,” he spells, “S, g, j, g, m, ¢, j, g-” 

He had just before been asked to read “J, G. Wright,” which he did correctly. 
These are the only letters and word he recognizes. 


In cases of motor aphasia in which alexia did not seem to be present, it was 
found by Déjerine (1895) that latent disturbances in the ability to read are often 
diseovered. These are ascertained through the fact that, although the patient is 
able to read words written or printed in the usual manner, he can not read them 
when the letters are written a certain distance apart or when written in a vertical 
line instead of horizontally. Although our patient can read his name as above, 
he fails when subjected to Déjerine’s test. He is not only unable to read aloud, 
but when asked to read to himself and requested to tell what he has read it is 
found that he has not understood a word. He was given a letter from his wife 
to read, which he read fluently and with the utmost confidence, only now and 
then hesitating a little when looking at certain words, continuing with a sig- 
nificant nod of the head, as if to express satisfaction with his interpretation. He 
read in part as follows: “I heard them, we believe them, in life. I think that 
I heard them—that I believed them—that I heard them. I think that I lived 
them in the. . . . when we heard them. I thought them that if when we 
heard them I lived in belief—I heard them. I did not then, that it each had that 
they both of them in the wife in them when I live when we both them in the 
help we had,” ete. When asked to give the number of syllables in a given word 
by gesture (putting up fingers), after careful explanation of what is expected of 
him, he fails. For instance: Broom—two, wagon—two, pen—one, floor—two, 
bedstead—two, sunlight—one, ete. This defect of the inner speech is in this case 
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shown to be present in cortical sensory aphasia, which Sahli in his last edition 
says has not yet been met with. 

3. Ability to Write—A. Spontaneous writing: This frequently amounts to 
an illegible scrawl—resembling that of a child of two or three. In the writing 
ene can recognize “w,” “J” and “G,”’ and one or two other letters here and 
there, as illustrated in the appended letter to his wife. 


B. Writing from dictation: The examiner, showing the patient a hat and 
making him repeat the word “hat,” says: “Now, write down the word ‘hat.’ ” 
The patient writes: 


CHB 


Examiner (pointing to and taking hold of the patient’s right hand): “What 
do you call this, Mr. Wright?” 

Patient: “That is Wright—no, my right hand 

Examiner: “Now repeat the word ‘hand.’ ” 

Patient: “Yes.” 

Examiner: “No, you say ‘hand 

Patient: “Yes, I do.” 

Examiner: “No, say ‘hand.’ ” 

Patient: “Hand.” 

Examiner: “Now, you write ‘hand.’ ” 
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Patient writes: 


Jew 


Examiner: “Now, write down at my dictation the word ‘stove.’ I will spell 
it, and you write one letter at a time. 8 t o v e.” 


Patient writes: 


Examiner: “Now, write at my dictation your first name, ‘Joseph.’ I will 


spell it, giving you one letter at a time before you write: Joseph.” 


Patient writes: 


A letter to his wife, consisting of the simplest words in three or four lines 
and running as follows, is dictated to him: 
Dear Wife:—I received your letter yesterday and was glad to hear from you. 
Yours truly. 


The patient writes; 
+2 7 
fours 
That he understood the dictation, in a general way at least, is shown by the 
scribbling for “dear wife” and “yours truly,” being short lines. Below the “yours 


truly” appears in proper place what is meant for his signature, which is some- 
times written so that it can be read; at other times only part of it is legible. 


leld to write his name, the patient writes as follows: 


Fig. 2 View of the base of the brain, showing the pronounced atrophy of the 


anterior portion of the left temporal lobe 


AncHIves op INTERNS 
ILLUSTRATING ARTICLE B 
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Fie. 3 View of the anterior sectional surface of the frontal section of the 
left hemisphere, showing the atrophy of the t mporal lobe, which increases from 
the basal surface toward the fissure of Sylvius; temporal lobe: insula ot 


isle of Reil: fissure of Svivius 


Fig Rasa! seo tiona sturtace of the horizontal section of the left 
sphere, showing location of the large cavity with malacial surroundings in the 
posterior part of the brain; PF. L.. frontal lobe: F. S.. Svivian fissure; L.. insula; 


large evstic cavity A.. arteriosclerotic arteria fossa Svivil 
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Told to write “Lodi,” he writes: 


To the dictation of the isolated letters shown below, he writes the characters 


appended : 


O: “~w:5 S:<<z 


He has always been right-handed and writes better with his right hand. ‘the 
scribbling with the left hand shows no evidence of mirror-writing, which has often 
been observed in agraphia of left-handed persons. Told to write the figure 3, he 
writes a W; told to write the figure 4, he writes a W. He can not write numbers 
from dictation and can not read them, but can write them spontaneously to a very 
limited extent in series, but he can not write beyond 9. He frequently skips 
numbers or repeats them and inserts now and then J and W. Asked, “What 1s 
your age?” he replies: “I am 72 years old.” Told to write “72,” he writes the 
three initials of his name, “G. J. W.” This symptom, called perseveration, is 
frequently observed in aphasia, alexia, agraphia and disturbances of the gesture 
speech, and consists of a sticking to a certain innervation (Haftenbleiben). This 
was especially illustrated when studying series. Told to say the alphabet, he 
says: “A, b,c, d,e, f, g, h, J. G. Wright,” laughs and says: “J. G. W., J. G. 
G.,” repeating this three times, until he gives it up in disgust. When counting, 
“1, 2, 3, 4,” ete., and the physician whispers “J. G.,” he inserts these and is un- 
able to proceed; begins again with “1, 2, 3,” ete., and the same phenomenon re 
peats itself. 

C.—Copying: The patient is unable to copy letters and only to a slight 
extent figures. He succeeds in copying squares and triangles, but very imper- 
fectly. His writing from copy is illustrated in the following two or three lines 
of the same letter to his wife which, as told above, was given to him as dictation: 


Ar the 


art 


5. Musical Perception—The patient had received no musical training but 
he had been able to sing a little and to whistle. Examination as to his ex- 


pressive musical ability showed this to be fairly intact under the circumstances, 
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as he was able to continue songs like “The Star-Spangled Banner” and “Yankee 
Doodle.’ when the first five or six notes had been sung or whistled by the ex- 
aminer. 

5. Test of Gestures —A. Spontaneous gestures: The patient makes use of 
spontaneous gestures fairly well; nods his head and moves his hand in greeting, 
points to objects and makes use of other gestures fairly well when trying to make 
himself understood. 

B.—Gestures by Dictation: The patient responds to commands faultily, which 
is no doubt partly due to his failure to understand the commands. 

(.—Imitation of Gestures: It is especially noticed that the patient imitates 
poorly with his left hand. 

The patient’s right hand being held by a nurse, the physician asks him to 

imitate with his left hand: 

Physician touches point of nose with left index finger. 

Patient puts flat hand to the side of his face. 

Physician repeats this gesture. 

Patient puts flat hand to side of head. 

Physician puts two fingers parallel across his eyebrow. 

Patient covers his whole face with his hand. 

Physician puts one finger over the closed eyelid. 

Patient again covers the whole face with his hand. 

Physician puts index finger in his mouth. 

Patient puts four fingers into his mouth. 

Physician makes military salute. 

Patient covers his mouth with his hand. 

—t nderstanding of the Use of Objects —As a rule, the patient seems to un- 
derstand how to use a variety of utensils and other objects. Occasionally there is 
a trace of apraxia present. 

Shown a spoon, he is asked, “How do you use that?” 

He replies: “Bad medicine—yes, it might be something of the kind—or 
strong medicine”; then uses it correctly. 

Shown a matchbox, he is asked what it is. 

“It's pump. I think it is a machine for clocking—to burn anything.” 

He is asked to use it. 

He opens the box, takes out a match and tries to strike it on the top of the 
box (wears spectacles at the time). After a couple of futile attempts be 
uses the side of the box. 

Given a pencil, he uses it upside down. 

On a subsequent day he put on his shoe and took it off properly, closed a 
knife and used a corkscrew and other objects correctly. He can not make the 
simplest arithmetical computation orally, no doubt in part because he doesn’t 
understand: For instance: 

12; 5x6=72; 3x3=—15; 6x6—72. $2-81 $6. 

This is out of keeping with his intelligence in other respects. Asked to put on 
his spectacles, he replies: “I have them here,” putting his hand in his left side 
coat pocket at once and finding them. He had not made use of them that morn- 
ing. He missed a fellow patient who had made his escape, ete. 


SUMMARY OF RESULTS OF EXAMINATION 


Summing up the findings in the case, we have in the above a cortical sensory 
aphasia, which is associated with a trace of apraxia and with asymbolia. There 
is present a loss of understanding of spoken language and inability to repeat 
words. The speech is paraphasic. Spontaneous and dictated writing are lost; 
likewise understanding of language written by the patient and reading aloud as 
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well as understanding of what has been read. Copying is present but defective 
These defects are not complete in all the spheres; the lesion has left certain rem 
nants of association-fibers intact. The symptom-complex is therefore made up of 
aphasia, alexia, agraphia, to a slight extent apraxia and asymbolia. It is pos 
sible that the lesion, which probably was caused by an embolism resulting in 
cerebral malacia, is multiple, one being located in the sensory speech-center of 
Wernicke in the first temporal convolution, the other in the angular gyrus. The 
presence of asymbolia, contracted fields of vision which amount to an incomplete 
1ight-sided homonymous hemianopsia, and the partial loss of ability to copy, 
speak for this second lesion extending in to the occipital lobe. 


PATIENT'S LATER HISTORY 

After this clinical report had been read at the meeting of the San Joaquin 
Valley Medical Association, which met at Fresno, Nov. 13, 1907, the patient's 
condition remained about the same as far as the aphasic symptom-complex was 
concerned until the following March. He had been subject to attacks of bronchitis 
with asthma for years, and a severe attack of this kind set in about March 10, 
which was followed by a capillary bronchitis to which he succumbed on March 
21, 1908. 

AUTOPSY 

An autopsy was permitted on the brain only and was performed eight hours 
after death. The walls of the cranium were found below the average in thick 
ness; there were marked adhesions along the sagittal suture. The dura mater 
seemed normal in appearance, and on incision allowed a moderate amount of 
cerebrospinal fluid to escape. The pia-arachnoid was found milky and thickened 
over the convexity of the hemispheres, especially over the left, which posterior to 
the frontal lobes showed a flattening of the surface, most marked behind the 
Svivian fissure in the temporal lobe, the contours of this lobe being in 
marked contrast with those of the corresponding lobe of the right hemisphere, 
as shown in Figure 2. The greater part of the left temporal lobe had a gelatinous 
appearance, and when the brain was handled showed a fluctuating movement of 
its surface. The cerebral arteries presented marked arteriosclerotic changes, espe 
cially the anterior cerebral and arteria fossw Sylvii. The flattened or atrophied 
portion of the temporal lobe extended from the beginning of the first temporal 
gyrus in the Sylvian fissure nearly to its center, took in the anterior one-third of 
the second temporal and a smal] portion of the anterior one-third of the third 
temporal gyrus, a small hemorrhagic cyst being found in the last-mentioned 
locality. Corresponding to the convolution surrounding the lower of the two term 
inal branches of ramus horizontalis post of the Sylvian fissure was another small 
eyst, and a third hemorrhagic cyst, lenticular in form and of the size of a larze 
bean, was found on the area surrounding the posterior termination of the first 
temporal fissure and laterally from the interparietal fissure, that is, in about the 
location of the gyrus angularis. A horizontal cut was made through the left 
hemisphere about on a level with the center of the genu of corpus callosum in 
front and the posterior projection of the thalamus opticus behind. This section 
crossed the Sylvian fissure about the center of the operculum, passed about 0.6 
em, below the inferior limits of the small cyst—afterward located in the neighbor 
hood of the supramarginal region and passed through the elongated cyst in the 
lower part of the angular gyrus. A frontal section was made about perpendi- 
ularly to this, and about along line 4—4 of Hermann’s Plano-projection.” The 
cut passed through the anterior part of the operculum and the atrophied portion 
of the anterior part of the temporal lobe. The anterior sectional surface of tis 
eut is seen in Figure 3, which shows the outlines of the section of the temporal 


6. Fig. 25, von Monakow’s Gehirnpathologie, p. 37. 
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lobe in this locality to taper from a fairly broad base in its inferior portion to 
almost a point where it terminates in the horizontal cut. In its upper part the 
cortex is entirely absent. Additional sections into the frontal convolutions re- 
vealed no microscopic pathologic changes. The surface of the horizontal section 
is shown in Figure 4. In the posterior parts of these was found a large destruce- 
tion of brain tissue. An elongated cavity lined with a brownish-colored detritus 
extended below the cortex, or in part of its extent just beneath the pia for a dis- 
tance of about 3.8 cm., completely undermining and, in fact, in most of its ex 
tent, destroying the cortex in the region of the gyrus angularis and the convolu- 
tions anterior to it. The cavity measured about 1.9 em, in depth, that is, in the 
direction of the medullary substance, and its deepest part was below the cyst 
which was visible on the convolutional surface. A small irregularly shaped 
malacial change, about 0.4 cm. in diameter, was found below the cortex of the 
second occipital lobe. The outlines of the cavities are plainly visible in the illus- 
trations. A section made through the center of the supramarginal gyrus showed 
no pathologic changes, but when another perpendicular section was made in the 
convolution just in front of this gyrus a malacial cavity was exposed, measuring 
0.6 em, by 0.75 em. The largest eyst extended anteriorly in the direction of the 
cyst found in front and beneath the supramarginal gyrus. In other words, the 
malacial changes described were found in the left temporal lobe involving the 
location of the gyrus lenticularis of Wernicke, extending from here into the re- 
gion of the angular gyrus and the second occipital convolution, 
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THE DIAGNOSTIC VALUE OF HEMOLYSIS IN CASES OF 
CANCER 


R. OTTENBERG anv A, A. EPSTEIN 
NEW YORK 


Recent researches on various biologie properties of the blood in cases 


of cancer have given hope that a diagnostic blood test could be found. 


Of these studies none at first seemed more promising than those which 
dealt with the hemolytic properties of the blood serum. 

Within the last year the statements of Crile have aroused much 
expectation. Crile found the occurrence of isohemolytic serum so very 
frequent (80 to 100 per cent. of the cases) in carcinoma, and so very 
rare in other diseases, that from his work there seemed little doubt that 
the hemolytic reaction would be exceedingly valuable in diagnosis. 
Other workers, however, have not confirmed his findings, and the whole 
question as to the value of this method required re-examination. 

With the aid of a modified technic, the chief advantage of which is 
that it enables us to perform a large number of tests readily with a 
small amount of blood, we examined 100 persons. These were taken 
in groups of ten or fifteen, the serum of each one of the groups being 
tried in turn on the washed red blood cells of every other member of 
the group. The usual controls of each variety of red cells with its own 
serum and with salt solution were made. 

The question of technic, which will only be touched on briefly here, 
is of considerable importance in comparing the results of different work- 
ers. In a preliminary series of 100 cases (over 1,500 individual tests) 
we attempted to settle for ourselves various questions of technic. We 
believe that the method which we have finally adopted (and which is 
described above) gives results strictly comparable with those of the usual 
method. It may be admitted, as a theoretical possibility, that an exceed- 
ingly faint trace of hemolysis might be overlooked in this method, on 
account of the smaller diameter of the tubes (3.5 to 4 millimeters as 
compared with the usual 8 to 10 millimeter test-tubes). In practice 
this source of error is negligible.* The method of preparing the erythro- 

1. The majority of these cases were in Mt. Sinai Hospital. The blood of some 
was kindly supplied us by Dr. R. Weil from the German Hospital, and by Dr. 
Brewer and Dr. James from patients in Roosevelt: Hospital. 

2. In these tests, at the suggestion of Dr. Weil, the serum was used in con- 


centrated form—3 parts of serum to 1 of 20 per cent. red-cell suspension, so that 
the cells were present in 5 per cent. strength in the mixture. 
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cyte suspension used by Crile, which has not been published, but which 
Dr. Crile was kind enough to communicate to us by letter, was given up, 
after having been tried in sixty-nine cases, because of the inconstant 
results. 

The nature of the results can best be appreciated by reference to the 
accompanying tables. The intensity of the hemolysis in each test is 
indicated approximately by the number of plus marks. The horizontal 
columns represent sera, the vertical columns the corresponding blood 
cells. It will be noticed that even strongly hemolytic sera seldom lake 
more than half of the different varieties of red blood cells with which 
they are mixed. In doing the experiments, it should be said, the tubes 
were numbered by another person in such a way that the person wao 
made the readings was not aware which blood he was examining. 

The results, as a whole, without regard to the intensity of the reac- 
tion or the number of different kinds of red cells hemolysed by each 
serum, may be summarized as follows: 

Of the 100 subjects 38 were suffering from malignant tumors, 40 had 
other diseases and 22 were apparently healthy. (The diagnosis in nearly 
all of the tumor cases was confirmed by operation and microscopic report. 
‘The diagnosis in the other cases rested generally on clinica! data.) 

In the 38 cases of malignant tumor, 28 patients had serum which 
was hemolytic—a proportion of 76 per cent. In the 40 other diseases, 
20 patients had hemolytic sera (50 per cent.). Of these, 6 were cases 
of tuberculosis—a well-recognized cause of isohemolvsis: 5 of the 6 
sera were hemolytic. If we exclude the tuberculous cases, 15 cases, that 
is 42 per cent., of the 35 remaining cases of disease were hemolytic. The 
diagnoses in these cases were as follows: 

‘ases 151 and 75.—Fibroadenoma of breast (two cases). 
‘ase §=95.—Catarrhal jaundice. 

ase 94.—Chronie gastritis (7). 

‘ase 108.—Postpartum general infection. 

‘ase 124.—Postoperative adhesions (gall bladder) . 


‘ase 138.—Diffuse lipoma. 
‘ase ——Subacute bacterial endocarditis and streptococcemia 


‘ase 162.—Diabetes mellitus. 

‘ase 164.—Endocarditis (chronic). 

‘ase 169.—Appendicitis. 

‘ase 178.—Colloid goiter. 

ase 180.—Plumbism, 

‘ase 185.—Hodgkin’s disease. 

ase 127.—Chronic thyroiditis (tuberculous). 


Of the 22 normal persons, 1 showed hemolysis (5 per cent.) This 


was a patient who had been operated on for hernia several weeks before 


and in whom no signs or symptoms of any disease could be elicited. 
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If we attempt to make the work to some extent quantitative by 
having regard only to the pronounced hemolyses (indicated by two or 
more vertical marks in the tables), the percentage of positive results in 
malignant disease as compared with other diseases is somewhat better. 
Nineteen of the 27 sera which gave strong hemolysis were from cases of 
cancer (74 per cent.). That is, 50 per cent. of the 38 cases of cancer 
gave strong hemolysis. Seven cases (17 per cent.) of the 40 other 
diseases examined also gave very pronounced hemolyses and the 1 hem- 


olytic case in the group of normals also showed a very strong hemolysis. 


These actively lytic cases were as follows: Case 94, chronic gastritis (?) ; 
Case 127, chronic thyroiditis (tuberculous) ; Case 137, normal (hernia) ; 
Case 138, diffuse lipoma ; Case 178, colloid goiter; Case 180, lead- 
poisoning; Case 181, tuberculosis: Case 75, fibroadenoma of breast. 
These results are curiously parallel with those obtained by Kelling’s 
method, in which the lytie effect of human sera on chicken red cells is 
estimated quantitatively and only the strong hemolyses are regarded as 
positive. (His interesting experiments require confirmation.) 

Other methods of analysis give results less favorable (as far as diag- 
nostic possibilities are concerned) than this. Thus taking the mere 
number of different varieties of red cells ont of all those subjected to 
each serum, and setting up three as an arbitrary standard, we find that 
of the 42 sera which laked three or more different varieties of red cells, 
24 were from cases of malignancy, whereas of the 16 sera which laked 
only one or two varieties of cells, 10 were from cases of cancer. 

Likewise with the method introduced by Weil, “based not only on 
the reaction of the serum, but also on the degree of resistance of the 
corpuscles to that serum,” it is seen that generally a given hemolytie 
serum falls into Weil’s first group (hemolytic toward non-caneer cor- 
puscles, but not toward cancer corpuscles), or his second group (lytic 
to both kinds of corpuscles), chiefly according to whether it is a weakly 
or strongly lytic serum. Of 25 cases belonging to the first group, 14 
were cases of malignant tumor; of 29 belonging to the second group, 
17 were cancer cases; the grouping therefore seems to have no special 
significance. 

If attention is paid only to the resistance of the red blood cells (and 
the high resistance of cancer red blood cells to all sorts of lytic agents 
has been recognized for years), it is seen that red blood cells resistant to 
all the sera applied to them occurred chiefly in those cases whose serum 
was itself hemolytic, and not much more frequently in cancer than in 


TABLE 2.—-HEMOLYSIS IN CANCER PATIENTS AND OTHER SUBJECTS 


Red Blood Cells.* 
Subjects 150 147 : 149 142 140 


| Carcinoma of stomach 


Normal 
Sarcoma of scalp.. 


Normal 


EPSTEIN 


Normal 


Normal 


Streptococcemia 


Normal 


Rt 


ruberculosis 


Fibroadenoma of breast. 


NBE 


Endothelial sarcoma 


OTTE 


Carcinoma of breast.... 


Carcinoma of lung... 


Carcinoma of rectum 


Saline control 


* Of course those red blood cells which showed hemolysis in the saline controls are not counted in determining which sera are 
hemolytic. These hemolyses were due 


to the fact that the red cells used In these cases were more than twenty-four hours old 
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other diseases. Thus the twenty-two cases with highly resistant red cells 
may be classified : 
Cancer. Not Cancer 
With hemolytic serum 7 
With non-hemolytic seruni 3 


But hemolytic serum does not invariably correspond to resistant red 
cells, as will be seen from the grouping of the forty-eight non-resistant 


red cells: 
Cancer. Not Cancer. 
With hemolytic serum +. 8 
With non-hemolytic serum 6 24 


Of the tumor cases only four can be said to have been in an early 
stage: these were Case 117, a small carcinoma of the sigmoid; Case 
152, sarcoma of the scalp; Case 163, carcinoma of sigmoid; and Case 
188, carcinoma of the pylorus. The other patients (which were such as 
are admitted to a general hospital for operation) showed either large 
tumors, metastases, glandular involvement, marked anemia, or other 
symptoms which prevented their cases from being regarded as early. 
Strangely enough the sera of the four early tumor cases were all strongly 
hemolytic. 

The origin of the hemolytic property of the blood serum in disease 


is not yet clear. That it is not the specific product of any one disease 
process seems, from the variety of conditions in which it occurs, certain. 


Its probable source in the autolytie products of necrosis, in certain cases, 
has been pointed out by Weil. In seven of the carcinoma cases in the 
present series necrosis was observed in the pathologic findings. The 
serum of all seven of these patients was hemolytic, that of six of them 
markedly so. The same explanation is applicable to many, but not all, 
of the other diseases. In all of the seven cases of tuberculosis the tu- 
bercle bacilli had recently been demonstrated in the sputum, and there 
was therefore probably some breaking down of tissue. In the acute 
inflammatory and septic conditions, on the other hand, the well-known 
hemolytic products of the staphylococcus and streptococcus are to be 
considered. In some of the cases, such as those of diabetes, diffuse 
lipoma, chronic endocarditis, goiter, lead-poisoning, none of these ex- 
planations is adequate. 

As a result of this work, the chief object of which has been to de- 
termine the value of isohemolytic reactions in diagnosis, we are forced 
to the unsatisfactory conclusion that the method is not at present to be 
relied on for diagnosis. While it is true that in a majority of cases of 
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malignant tumor this property of the blood is shown, it is also shown in 
a considerable proportion of other diseases. The most that can be sa‘d 
is that in a given case, if tuberculosis can be excluded, a strongly hemo- 


lytic serum is rather suspicious of carcinoma. 
We desire to thank Dr. A. H. Harrigan for his kind assistance. 
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THE INFLUENCE OF THE SOFT TISSUES OF THE ARM ON 
CLINICAL BLOOD-PRESSURE DETERMINATIONS 
THEODORE C. JANEWAY, M.D. 
NEW YORK 

A widespread impression exists that the degree of development of 
the musculature of the arm, or the size of the member, exercises con- 
siderable influence on blood-pressure readings made by the usual clinical 
methods, employing circular compression of the arm for the obliteration 
of the pulse. Von Recklinghausen’s work demonstrated clearly that, 
with a sufficiently wide arm-piece, at least 12 cm., the latter factor could 
he entirely eliminated. Subsequently Miiller and Blauel* made a critical 
study of this question, by comparison of clinical determinations witn 
direct manometric measurements made in three patients during opera- 
tion requiring the amputation of a hand. Their results showed an aver- 
age reading with the broad cuff 9 to 10 mm. above the true systolic 
arterial pressure. They, of course, found very large errors with the 
narrow arm-piece and with Girtner’s method. Among their conclusions 
they state that, while the largest errors stand in direct relation to the 
width of the cuff, they are also partly dependent on the strength of the 
soft parts. This, so far as I know, is the only direct evidence for this 
contention that has vet been brought forward. Of evidence on the other 
side there is also a great paucity, the best being a case, reported by 
Hensen,? of marked muscular atrophy of the left side, the arm being 
entirely flaccid and of 22.5 circumference, while the right had a cireum- 
ference of 25 em. In this case the readings from the two sides were 
identical. 

I desire to put on record two cases which, to me, demonstrate very 
clearly that such an influence of the soft parts does not exist, and that 


diserepaney between clinical blood-pressure estimations and direct mano- 


metric readings from the same limb, if found, must be explained either 
by resistance to compression of the arterial wall or by errors in the 


readings. 

1. Miller and Blauel: Zur Kritik des Riva-Roceischen und Giirtnerschen 
Sphygmomanometers. Deutsch. Arch. f. klin. Med., 1907, xei, 517, 

2. Hensen (H.): Beitr. z. Physiologie und Pathologie des Blutdrucka. 
Deutseh. Arch, f. klin, Med., 1900, Ixvii, 443. 
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A man of 57, with chronic nephritis and marked cardiac hypertrophy, had 
sustained a fracture of the right elbow at the age of 16, which had resulted in 
complete ankylosis; in spite of this he worked all his life as a carpenter, and had 
an enormously developed left arm which measured 30 cm. in diameter; the right 
arm was absolutely flaccid, with very little muscle, and measured 21.5 em. Both 
systolic and diastolic readings were identical in the two arms, the pressure being 
300 mm. systolic and 180 mm. diastolic. 


The second patient was a lumberman of 50, who had been in the woods most 
of his life, and was both muscular and obese, carrying 331 pounds without 
dyspnea. He had a very mild diabetes. His arm measured 39 em, and gave the 
surprisingly low systolic reading of 115 mm. 


36 West Fortieth Street. 
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EFFECT ON THE HEART OF EXPERIMENTAL OBSTRUC- 
TION OF THE LEFT CORONARY ARTERY * 
JOSEPH L, MILLER, M.D., ano 8S. A. MATTHEWS, M.D. 
CHICAGO 

The literature on experimental obstruction of the coronary arteries 
in animals is not extensive, although dating back to the seventeenth 
century, when Chirac tied the coronary artery of a dog and noted that 
the heart stopped beating in one minute. 

The next reference to this subject is Erichsen’s' work in 1842, al- 
though previously to this Parry had published his observations on the 
relations existing between angina pectoris and sclerosis of the coronary 
arteries, Erichsen, recognizing obstruction of the cardiac vessels as a 
frequent cause of sudden death in man, ligated the coronary arteries 
near their origin in a pithed dog and reported gradually increasing 
bradveardia and finally cardiae standstill. 

Panum,? in 1862, attempted to obstruct the coronary arteries by 
injecting a mixture of oil, wax, tallow and lampblack into the aorta. 
As the vessels were incompletely plugged, his results are not of any 
special value. 

The next important contribution was by Bezold and Breymann,* 
published in 1867. After clamping the left coronary artery in a curar- 
ized rabbit, they observed slowing of the left ventricle with increasing 
arrhythmia, terminating in standstill, followed by fibrillar twitching. 

Samuelson,* in 1881, reported some experimental work in which he 
compressed the left coronary artery in a curarized rabbit, bringing the 
left ventricle to a speedy standstill. He noted that the right ventricle 
did not cease beating as early as the left. 

The same year Cohnheim and Schulthess-Rechberg*® reported their 
exhaustive experimental work on curarized dogs. They found that 


From the Laboratory of Experimental Therapeutics, University of Chicago. 


1. Erichsen (.J.): Influence of the coronary circulation on the action of the 
heart. London Med. Gaz., 1842, ii, 561. 
2. Panum (P.): Experimentelle Beitrage zur Lehre von der Embolie. Vir- 


chow’s Arch. f. path. Anat., 1862, xxv, 308, 

3. Bezold and Breymann: Untersuchungen iiber die Herz- und Gefiissnerven 
der Saugthiere. Untersuchungen a. d. physiol. Lab. zu Wiirzburg, 1867, i, 256. 

4. Samuelson (B.): Ueber den Einfluss der Coronar-Arterien-Verschliessung 
auf die Herzaction. Ztschr. f. klin. Med., 1881, ii, 12. 

5. Cohnheim (.J.) and Schulthess-Rechberg: Ueber die Folgen der Kranz- 
arterienverschliessung fur das Herz. Virchow’s Arch, f. path. Anat., 1881, 
Ixxxv, 503. 
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either main trunk of the left coronary artery might be clamped 


without immediate cardiac disturbance; within one or two minutes, 
however, slight irregularity of both sides of the heart appeared with 
decided slowing and a rapid fall in blood pressure, both ventricles stop- 
ping suddenly in diastole. 

Porter,® in 1896, made the next important contribution. He dis- 
sected out and ligated the coronary arteries in curarized or etherized 
dogs and determined that the heart frequency was seldom changed when 
the ligation was not followed by standstill. His results differed from 
Cohnheim’s in that ligation of a main trunk of the left coronary artery 
was not necessarily fatal, and that the fall in blood pressure was gradual, 
not abrupt. He noted that in those animals in which the ligation was 
followed by arrest there was a rise in the diastolic and a fall in the 
systolic intraventricular pressure, the output of the left ventricle stead- 
ily diminishing, both ventricles stopping simultaneously. 

The work of Hirsch and Spalteholz,’ published in 1907, is the last 
of the more important observations on this subject. Their experiments 
were undertaken with the purpose of determining whether the coronary 
arteries were terminal vessels in the sense of Cohnheim. They ligated 
the descending trunk of the left coronary in eight dogs and two apes, 
the only immediate effect being increased pulse frequency. After re- 
covery from the operation, the animals showed no evidence of cardiac 
disturbance during the few weeks they were allowed to live. The au- 
topsy showed a few small scattered areas of necrosis in the wall of the 
left ventricle, considerably less in extent than that supplied by the 
ligated vessel. In one animal that bled profusely the area of infarction 
was much larger. From this they conclude that the degree of infarction 
is dependent on the force with which the blood enters the coronary 
arteries; if good, the anastomosing vessels promptly supply the affected 
part. They deduce from these experiments the conclusion that in at- 
tacks of angina pectoris in man, the efficiency of the heart should be 
maintained in the highest possible degree in order to minimize the de- 
gree of infarction. On account of absence of evidence of cardiac dis- 
turbance during the life of the animals and the slight change found 
after death, the author concludes that a physiologic or functional anasto- 


6. Porter (W. T.): Further researches on the closure of the coronary arteries. 
Jour. Exper. Med., N, Y., 1896, i, 46, 

7. Hirsch (C.) and Spalteholz: Coronararterien und Herzmuskel, Anatom- 
ische und experimentelle Untersuchungen. Deutsch. med. Wednschr., 1907, xxxiii, 
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mosis exists in the coronary arteries in addition to the anatomic anasto- 
mosis previously described by Merkel.* 

This short review of experimental work shows several points on 
which conflicting results have been obtained, especially the degree of 
ligation necessary to cause cardiac standstill and the manner in which 
it occurs. Our experimental study included a review of these points 
and a repetition of Hirsch’s and Spalteholz’s experiments. Before tak- 
ing up these questions, a short anatomic description of the coronary 
arteries in dogs may be desirable. 

The left coronary artery arises from the aorta usually by a single 


trunk, which immediately divides into two branches of about equal size, 


A 


B 


Left coronary artery in the dog. A, cireumflex branch; B, descending branch ; 
C and D, main branches of the descendens; E, superficial anastomoses shown in 
injected specimens, 
the circumflex and descendens. Not infrequently a common trunk is 
absent, the vessels arising from the aorta by separate orifices. The cir- 
cumflex branch follows the auriculoventricular groove to the posterior 
intraventricular groove. Close to its origin a branch is given off to the 
left auricle, and along its entire course numerous short branches supply- 


8. Merkel (H.): Zur Kenntnis der Kranzarterien des Menschlichen. Herzen. 


Verhandl, d. deutsch. path. Gesellsch., Jena, 1907, p. 127. 
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ing the upper and posterior portion of the left ventricle. The descend- 
ing trunk follows the anterior interventricular groove to the apex. 
Within a few millimeters of the orifice a branch arises to supply the 
interventricular septum; this branch arises so close to the orifice of the 
main trunk that when the latter is ligated this branch usually escapes. 
About midway between its origin and the apex the descendens gives off 
a large branch which supplies the greater portion of the anterior and 
lateral surface of the left ventricle. A very few short vessels are given 
off to the right by the descendens. The right coronary artery is much 
smaller than the left, dividing in practically the same manner, except 
that it does not send off a branch to the interventricular septum. 

All our experiments were performed on dogs. Ether was emploved 
as an anesthetic. Artificial respiration was maintained by means of a 
bellows. Blood-pressure tracings were taken from the right carotid. 
The heart was exposed and the vessels ligated through a window in the 
left thorax. In a few instances the sternum was split or removed. The 
making of such a window caused a moderate fall in blood pressure: the 
shock, however, was slight. No attempt was made to dissect out the cor- 
onary artery, a round curved needle being passed beneath the artery and 
vein and both included in the ligature. The circumflex could be readily 
exposed and ligated by elevating the auricle. The entire operation, 
including ligation of the coronaries, could be performed with very slight 


loss of blood. 


EXTENT OF LIGATION REQUIRED TO PRODUCE CARDIAC STANDSTILL 


In twenty animals, either one main branch of the descendens was 
ligated (see illustration, C and D) or both main branches. Slight 
transitory arrhythmia appeared, usually attributable to the manipulation 
rather than the result of the ligation. Decided disturbance of the svs- 
tole or fall in blood pressure was not observed. The pulse frequency 
was occasionally somewhat quickened, never slowed. All of these dis- 
turbances were of a temporary character, the heart promptly returning 
to normal. In the next series, of twenty-three animals, the circumflex 
was ligated at distances varving from 7 to 15 mm. from the orifice. 
Eighteen of these animals gave only moderate and temporary evidence 
of cardiac disturbance. There was a fall in blood pressure, occasional! 
temporary arrhythmia and imcomplete systole, with little disturbance in 
the pulse frequency and only slight dilatation of the left ventricle. 
After a few moments the heart returned to normal and so remained 
until the animal was killed or further ligation attempted. Five animals 
in this series developed more severe cardiac disturbances, the systole 
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became very incomplete and the ventricle showed marked dilatation. 
Three of the animals gradually recovered from these disturbances; the 
other two grew gradually worse, the disturbance of systole increased, 
the left ventricle became more and more dilated, the dilatation of the 
left ventricle being followed by dilatation of the left auricle and finally 
of the right auricle and ventricle. Cardiac standstill took place in two 
and five minutes, respectively. 

Successive branches of the descendens were ligated in those animals 
recovering from the immediate shock produced by ligation of the cir- 
cumflex. It was found that one and often both main branches of the 
descendens might be ligated without serious consequences. When, in 
addition to the circumflex, the main trunk of the descendens was ligated 
25 mm. or less from its orifice, cardiac standstill promptly followed. 
Primary ligation of the descendens as near to the orifice as possible was 
not followed by any marked cardiac disturbance. Examination showed 
that in each instance the ligature was below the branch given off to the 
septum. 

Comparing these results with those of previous experimenters, it is 
noted that Cohnheim reported cardiac standstill in every instance after 
ligation of either the descendens or circumflex. The heart stopped 
beating in 88 per cent. of Porter’s animals after ligation of the circum- 
flex and in 64 per cent. after ligation of the descendens. Only 8.7 per 
cent. of our animals died after ligation of the circumflex, and none 
after ligation of the descendens 10 mm. or less from its orifice. This 
difference in results can probably be explained by the difference in 
methods of anesthesia. Cohnheim used curare in all but two animals, 
and in these two morphin was the anesthetic. Porter also used either 
curare or morphin, except in a few instances in which the animal was 
anesthetized with ether, and he calls attention to the more frequent 


recoveries after ether. 
MANNER IN WHICH STANDSTILL OCCURRED 


The premonitory evidence of cardiac standstill was arrhythmia, in- 


complete systole of the left ventricle and gradual overfilling and dilata- 
tion of the left side of the heart, with later dilatation of the right 
auricle and ventricle. The carotid pressure very gradually fell to zero. 


Distention of the coronary veins marked the beginning of stasis in the 
right auricle. The left ventricle ceased beating first; the right ventricle 
continued pulsating irregularly somewhat longer. In a few instances 
the right ventricle continued to beat for several minutes after the left 
had ceased ; this was especially noticeable when the animal had received 
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strophanthus. After the regular pulsations had ceased, fibrillar twitch- 
ing was noted. 

These observations are somewhat at variance with those of Cohn- 
heim and Porter. Cohnheim reported sudden simultaneous stopping of 
both ventricles, the blood pressure falling abruptly to zero. Porter’s 
results showing gradual stopping of the heart were in accord with our 
observations, but, like Cohnheim, he reported both ventricles stopping 
at the same time. As this latter observation is readily made, it is diffi- 
cult to understand why in our animals the left ventricle ceased beating 
first; possibly the method of anesthesia was also responsible for the 
difference. Samuelson’s results in this respect are in accord with ours. 


Although the left ventricle ceased beating first, pulmonary edema was 


never observed; this can be accounted for by the weakness of the right 
ventricle preventing a rise in the pulmonary pressure, apparently an 
essential to the development of acute experimental pulmonary edema. 
EVIDENCE OF FUNCTIONAL CORONARY ANASTOMOSIS 

In a series of twenty animals, Branch C or D (see Illustration 1) 
of the descendens was ligated and the animal allowed to live in order to 
determine whether functional cardiac disturbance might develop later. 
Only eight of the animals recovered, the others dying of sepsis. No 
immediate evidence of cardiac disturbance was noted, the animals be- 
having in a normal manner. Four of these dogs, showing no evidence of 
cardiae disturbance, were killed after five, ten, fourteen and thirty-five 
days, respectively. In each animal a small area of infarction could be 
detected, but no evidence of dilatation of the chambers. The other four 
animals died at the end of twenty-six, forty-two, forty-five and ninety 
days, respectively. These animals were in apparently normal health a 
few hours before death, the symptoms developing acutely. The signs 
and symptoms preceding death were observed in only two animals, the 
others being found dead in their cages. Restlessness and intense 
dyspnea were the chief premonitory symptoms. One animal lived above 
two hours after the first symptoms were noted. The suffering of the 
other animal was so intense that chloroform was used to hasten death. 
The hearts of these four animals were very much dilated, especially the 
left ventricle. Peripherally from the ligature there was a circum- 
scribed area of necrosis 0.5 to 1 em. in diameter, where the heart wall 
was thinned to one-fourth its normal thickness. From the signs, symp- 
toms and autopsy findings it appears highly probable that these animals 
died from acute cardiac insufficiency. 
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Merkel and Hirsch and Spalteholz, each by a somewhat different 
method, have shown that the terminal branches of the coronary arteries 
anastomose freely. Hirsch and Spalteholz, after ligation of a single 
trunk of the left coronary artery, thought that thev had demonstrated 
that this anastomosis was sufficient to maintain the nutrition of the 
heart muscle. Their animals did not show any evidence of cardiac dis- 
turbance in the rather short time they were allowed to live after the 
ligation. If they had allowed a longer period of time to elapse, it is 
highly probable that cardiac disturbance would have developed as it did 
in our animals, especially as they ligated the main trunk of the descend- 
ens, whereas we ligated only a branch of the same. 


EFFECT OF DRUGS ON THE CARDIAC DISTURBANCE INDUCED BY LIGATION 
OF THE CORONARY ARTERIES 

After some experience we were able to determine the extent of liga- 
tion necessary to cause marked disturbance of the left ventricle from 
which recovery would vet take place, and also the necessary amount of 
obstruction to bring about a fatal termination. These points having 
been determined, drugs could be emploved to see if the changes follow- 
ing ligation could be modified. Tincture of strophanthus in 0.1 c.c. 
doses intravenously was first tried. It was shown, if the drug was used 
at a time when the arrhythmia was marked, the left ventricle and auricle 
dilated and the cardiac pressure very low, in one instance 18 mm. of 
mercury, that the systole improved, the dilatation gradually disappeared 
and the blood pressure returned to its previous level. In case the ad- 
ministration of the drug was delayed until the pulsation of the left 
ventricle had almost ceased, recovery did not follow. It was also deter- 
mined that an animal which had received a dose of strophanthus could 
endure much more extensive ligation of the coronary arteries without 
serious consequences than an untreated animal. Morphin in 15 mg. 
doses to a 10-kilo dog acted unfavorably, increasing the readiness with 
which disturbance could be produced by ligation. This is in accord with 
Porter's findings. The various vasodilators were used, but without ben- 
efit, as might be expected where the obstruction was not the result of 
spasm. 

We are not justified, however, from these therapeutic experiments, in 


drawing conclusions regarding the treatment of angina pectoris in man. 


Obviously the element of pain and previous myocardial degeneration do 


not enter into the problem in dogs. Not every attack of angina pectoris 
is due to actually complete obstruction of a coronary artery, although 
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von Levden’s® careful clinical and autopsy studies show the great fre- 
queney with which a thrombus or embolus is responsible for the attacks. 


His studies would indicate that the importance of vascular spasm as an 


etiologic factor in the attacks has been probably overrated. When we 


consult clinical experience, we find that in England and America Brun- 


ton’s teaching on the importance of vascular spasm has had much in- 


Huence and consequently the vasodilators have been extensively used. In 


Germany the vasodilators are not generally recommended in the treai- 


ment of an attack. Leyden says he has seen only a single case in which 
amyl nitrite had the prompt effect described by Brunton. Romberg’® ' 


reports that he has seen only one patient relieved promptly by amyl 


nitrite, and, although he highly recommends nitroglycerin to ward off 


attacks or check them in their incipiency, in the height of an attack he 
considers it of little value. In the writer's limited experience, prompi 


relief has never been observed after the use of nitroglycerin or amyl 


nitrite. The tendency to spontaneous recovery from an attack may be 


responsible for some of the beneficial results attributed to the vasodila- 


tors. If vascular spasm is responsible for the attack the relief afforded 


by amyl nitrite should be immediate, and that from the use of nitre- 


glycerin by mouth should be afforded within two to five minutes, as its 


maximum effect is reached within this period of time. Improvement 
taking place ten to fifteen minutes after the administration of either of 
these remedies is probably due to other causes than the drug. Many of 


the German writers recommend cardiac stimulants, as caffein, camphor 
and digitalis. The actual merits of these two widely different forms of 


treatment can be properly discussed only when we know the role played 


by spasm in inducing the attack. Of some therapeutic interest is the 
lessened cardiae disturbance after obstructions in those animals under 
the influence of strophanthus. It is possible that the danger of serious 


consequences during an attack of angina pectoris may be lessened by 


giving a patient subject to these attacks small doses of strophanthus. 


CONCLUSIONS 


Either main trunk of the left coronary artery may be ligated with- 
out seriously disturbing the heart. 
In the cases reported, ligation of the descendens 25 mm. or less from 


its orifice, after previous ligation of the circumflex, always caused car- 
diae standstill. The left ventricle stopped beating first. 


9. Von Leyden (F.): Ueber die Sclerose der Coronararterien und die davon 
abhiingigen Krankheitzustiinde. Ztschr. f. klin. Med., 1883, vii, 459. 

10. Romberg (E.): Krankheiten des Herzens und der Blutgefiisse, ed. 2, Stutt- 
cart, 1906, Ferdinand Enke. 
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When either of the two main branches of the descendens is ligated 
and the animal allowed to recover, no evidence of cardiac disturbance is 
apparent for a period varying, in our experiments, from one to three 
months, when very acute symptoms of cardiac insufficiency develop 
which rapidly prove fatal. 

The previous administration of strophanthus permits much more 
extensive ligation of the coronary arteries without serious consequences. 


100 State Street. 


SERUM DISEASE * 
GEORGE H. WEAVER, M.D. 
CHICAGO 
After diphtheria antitoxin came into general use in the treatment 
of diphtheria in 1894, the occurrence of exanthems, joint pains, etc., 
following the injection began to be reported. Various observers noted a 


larger or smaller proportion of such reactions among the cases coming 
under their care, and it was generally agreed that the reactions were a 
source of annoyance rather than of danger. Gradually there have ac 
cumulated reports of cases in which injections of serum have been fol- 
lowed by alarming symptoms, and in very exceptional instances even by 


death. During the past three years many workers have reported the 
results of investigations on the effects on animals of injections of alien 
blood serums. Some of the obscure phenomena associated with the 
toxic action of horse serum in man are illuminated by these investiga- 
tions. It was thought that it might be profitable to study the records of 
serum reactions as they have occurred in the diphtheria wards of the 
Cook County Hospital during the past two years, relating some of the 
more interesting cases and discussing in a brief manner some of the 
questions arising from such a study. 

It is a pleasure to express publicly my appreciation of the uniform 
generosity of my colleagues, Dr. W. L. Baum and Dr. A. M. Cameron, 
in allowing the use of cases occurring in their services on this and other 
occasions. 

From Nov. 1, 1906, to Dec. 25, 1908, there were admitted to the 
contagious wards, with a clinical diagnosis of diphtheria, 956 patients, 
all of whom were given injections of diphtheria antitoxin. Serum reac- 
tions were observed in 236 cases, i. e. 24.6 per cent. of all cases in which 
injections were given. This, however, does not represent the total reac- 
tions among these patients, since 264 patients died or were discharged 
after being under observation from one to nine days and before the 
reaction would have appeared in many of them. If we deduct these 
cases from the total number of patients admitted, we have 692 cases 
left on which to compute the real number of serum reactions likely to 
follow injections of antidiphtheric serum. Of these 692 cases, observed 
for ten days or more, 236, or 31.1 per cent., exhibited reactions. If all 

*From the Cook County Hospital and the Memorial Institute for Infectious 


Diseases, Chicago; read at the West Side Branch of the Chicago Medical Society, 
Feb. 18, 1909. 
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the cases had been observed for three weeks the total number showing 
reactions would be slightly increased. Statistics from hospitals where 
considerable numbers of cases have been observed have given the propor- 
tion of reactions from 14 to 50 per cent. As I shall show, the number 
of reactions will vary with the particular serum used, and especially 
with the amount of serum injected. In hospitals such as ours, where a 


Taste 1.—FreQquency or Serum REACTIONS WITH DIFFERENT QUANTITIES OF 


SERUM 
Fr . ‘ Cases Observed | Per Cent. of 

1-9 ec 9 33 &2 10.9 
10-19 c.c 52 137 189 27.5 
20-29 40 100 140 8.5 
90-39 c.c 28 47 rh) 37.3 
40-49 19 45 42.2 
50-59 c.c 15 16 31 48.3 
10-69 23 40 42.5 
70-79 7 23 66.6 
80-89 12 20 40.0 
90-99 7 2 4 77.7 
100-109 5 9 “44 
110-119 ¢.c¢ 3 1 4 75.0 
120-129 e.c 1 1 2 50.0 
130-139 ¢.¢ 4 2 6 66.6 
140-149 3 1 4 75.0 
130-159 2 1 3 665 
160-169 coc 2 2 4 30.0 
170-280 0 & 100.0 

Total.. 236 156 892 34.1 


large proportion of late and severe cases are treated, and where many 
laryngeal cases are admitted, the amount of serum administered is often 
large, and the occurrence of reactions correspondingly frequent. 

There are several factors which enter into the determination of the 
frequency of serum reactions. One of these is the individual suscepti- 
bility, which varies greatly. Another is the toxie factor of the horse 
serum. Some serums provoke a greater proportion of reactions than 


others, and the serum from the individual horse varies in this respect 


TaBLe I1.—THe NUMBER OF CASES OF SERUM REACTION FALLING ON Each DAy AS RecorDED BY VARIOUS AUTHORS* 


Author's Cases 


Von Pirquet and Schick 


WEAVER 


Currie 


Von Rittershain 


Hartung. 


> 
= 


Von Bokay 


Daut . 


| 


* With the exception of y. Rittershain, all authors counted from the first injection. This author counted from the last injec- 
tion and consequently his reactions appear to have occurred earlier than the others. 
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at different bleedings. Fresh serum is, as a rule, more prone to give rise 
to reactions than are serums that have been longer preserved before 
being used. Both of these factors have been spoken of by previous 
authors. A third factor, which is.the most important one in determin- 
ing the occurrence of serum reactions, is the quantity of serum injected. 
We have tabulated the quantity of serum administered in each of the 
(92 cases which were under observation for ten days or more (Table 1). 
It will be observed that the percentage of reactions increases with the 


Taste Per Cent. oF Serum REACTIONS aT VARIOUS INTER- 
VALS AFTER DIFFERENT TOTAL QUANTITIES OF SERUM 


Dose. 158 Days. 4-6 Days. 7-9 Days. 10-12 Days, 13-15 Days.|16-22 Days. 
43 37 22 3 
30.44 40.44 15.6% 5.6% 214 
10 16 18 ‘ 2 
Wto Wee... 17 27.24 31.0¢ | 13.66 68 34 
> 7 s 4 2 1 
110 to 280 ce.. 31.56 36.04 18.04 9.08 4.54 22 


Tapte And Per CENT. oF SeruM REACTIONS AT VARIOUS INTER 
VALS AFTER DIFFERENT NUMBERS OF INJECTIONS 


No. of Doses.) 1-3 Days. | 46 Days, | 7-9 Days. 10-12 Days. 13-15 Days.|16-22 Days. jn 
3 16 4 9 3 
6.34 34.0% | 29.7% 19.1% 4.2% | 6.3% 
284 26.0% | 46.3% 15.9% 8.6% 
‘ 7 15 5 1 | 
9.5% 10.4% | 35.7% 11.9% 23% | 4 
10.5% 10.5% | 42.0% 21.0% 15.7% | 
11.3% 36.3% 31.8% 11.3% 4.5% 1.5% 
13 53 69 25 12 2 174 
30.4% 39.6% 14.3% 6.8% | 1.1% 


quantity of serum given. In the series receiving the larger doses, the 
relative small number of cases deprives the relative percentages of much 
value. Of the patients receiving less than 10 ¢.c. of serum, 10.9 per 
cent. showed reactions; of those receiving from 10 to 30 ¢.¢., 27.9 per 
cent. showed reactions; of those receiving from 30 to 50 ¢.c., 39.1 per 
cent. showed reactions; of those receiving from 50 to 100 ¢.c., 50.4 per 
cent. showed reactions, and of those receiving over 100 ¢.c., 67.5 per 


cent. showed reactions. The relative infrequency of reactions after small 
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doses of serum is well shown by a study of a large series of cases of 
scarlet fever, which were given an immunizing dose of 1,000 units on 


admission to the hospital. These cases were under observation from four 
to six weeks. Of 894 patients receiving a single injection of 1,000 units, 
51, or 5.7 per cent., developed a reaction. Of 21 measles patients simi- 


larly immunized, only one developed a very mild reaction. 

The increased frequency of reactions with increased dosage has been 
observed by practically all authors. Von Rittershain' observed 81.4 per 
cent. of all cases of reaction in the cases receiving 7 ¢.c. or more of 
serum. Daut? noted reactions in 5.4 per cent. of patients receiving 
from 2 to 15 cc., and in 32.1 per cent. of patients receiving from 20 to 
60 cc. of serum. Von Pirquet and Schick® observed reactions in 85 per 
cent. of the cases receiving from 100 to 200 cc. of serum. 

The interval between the injection and the appearance of the reac- 
tion varies from a few minutes to twenty-three days. Table 2 shows the 
number of cases falling on the different davs after the injection. The 
table includes for comparison the observations on this point by several 
authors. Of our 222 cases, in which the time of appearance of the reac- 
tions is definitely recorded, 189, or 85.2 per cent., occurred before the 
eleventh day. Of the 801 cases collected in our table, GO7, or 75.7 per 
cent. occurred before the eleventh day. It will be observed that the 
largest number of cases fell on the days from the sixth to the tenth. 
The length of the incubation appears to be independent of the number 
of injections and of the total quantity of serum. Tables 3 and 4 show 
this quite distinctly. This has been insisted on by Currie* and Goodall.’ 

During the past vear we have used antitoxin precipitated according 
to Gibson’s methods in a considerable number of cases. This incidence 
of reactions after its use is not different from that following the injec- 
tion of whole horse serum in corresponding bulk. This is in accord with 
the observation of Rosenau and Anderson," that “refined antitoxic serum 
precipitated and dialyzed in accordance with the Gibson method is quite 
as toxic, bulk for bulk, as the untreated serum from which it has been 
obtained.” 

CLINICAL MANIFESTATIONS 

The term “serum disease” has been applied by ven Pirquet and 

Schick to the reaction which follows the injection of horse serum. This 


1. Von Rittershain: Jahrb. f. Kinderh., 1902, Iv, 542. 

2. Daut: Jahrb, f. Kinderh., 1897, xliv, 289. 

3. Von Pirquet and Schick: K, K. Universitiits-Kinder-Klinik, Vienna, 1905 
4. Currie: Jour. Hyg., 1907, vii, 35. 

5. Goodall: Jour. Hyg., 1907, vii, 607. 

6. Rosenau and Anderson: Bull. 36, Hyg. Lab. U.S. P. dH. and M.-H. S., 1907. 


4 


400 SERUM DISEASE 


has a decided advantage over the earlier terms, such as “antitoxin rash,” 
“serum exanthems,” etc. The former term is particularly inappropriate, 
as antitoxin has nothing to do with the phenomena. Many observations 
have shown that the reaction is entirely dependent on the injected horse 
serum, and that it is produced equally well by normal horse serum and 
other therapeutic serums. To describe the reaction by speaking of the 
rash or exanthem is also inaccurate, since the cutaneous manifestation 
is only one of the signs of disturbed activity following the introduction 
of the foreign serum. 

I shall first consider the reaction which follows a primary adminis- 
tration of serum, and afterward the reaction observed after secondary 
injections, which are given after an interval of some days or more. 


REACTION FOLLOWING A PRIMARY INJECTION OF HORSE SERUM 

The interval between the time of injection and the appearance of 
toxie symptoms, i. e., the period of incubation, varies in man from a 
few minutes or hours to three weeks or more. Aside from a little local 
soreness at the site of injection for twenty-four hours, the patient pre- 
sents no ill effects from the injection. At the end of this incubation 
period the symptoms of intoxication become suddenly manifest, and 
after a variable period of a few hours or several days they disappear, 
leaving no permanent ill effects. Slight redness and itching at the site 
of injection and a little swelling of adjacent lymph glands may precede 
the appearance of more pronounced symptoms. The prominent mani- 
festations are fever, skin eruptions, edema, swelling of lymph glands, 
leukopenia and joint symptoms. These occur in various combinations, 
one being most prominent in one case, another in another case. All may 
occur in a given case or most may be absent. 

In a considerable number of cases the reaction remains local through- 
out (Cases 1, 2 and 3). Von Rittershain, Daut and Hartung’ observed 
local reactions in about one-fourth of their series. It has been generally 
noticed that local reactions occur earlier than general ones, and that 
they usually run an afebrile course, with little or no general disturbance. 
Occasionally a local reaction develops almost at once after the injection 
and corresponds very closely in its course to the cases of “immediate” 
local reaction, of which we shall speak later. I have included among the 
appended illustrative cases such a case of severe local reaction with 
fever and general disturbance (Case 1). Von Pirquet and Schick de- 


7. Hartung: Jahrb. f. Kinderh., 1896, xlii, 72. 
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scribe a similar case, but are skeptical as to its being properly included 
in this class. 

It is not unlikely that some of the cases of local swelling with pain 
which follow an injection of serum in a short time are instances of spe- 
cific local reaction. 

After a primary injection I have several times observed, first, a 
rather early local reaction, and after an interval of several days a gen- 
eral reaction (Cases 4 and 5). Cases of this variety have been men- 
tioned by von Rittershain. 

I have never seen a case of immediate general reaction, which rarely 
oceurs after a primary injection. Here belong cases that are quickly 
fatal, the patients dying in five to ten minutes after the injection; 
Rosenau and Anderson* in 1906 collected nineteen instances recorded in 
medical literature. Recently Gillette’ has collected 28 cases of very 
severe general reaction, coming on immediately after the injection of 
horse serum, 15 of which were fatal. The symptoms are very similar in 
all, in some certain phenomena being more pronounced than in others. 
A few minutes after the injection there appears an irritation of the skin, 
especially about the face, dyspnea, cyanosis, violent urticaria and edema, 
especially of the face. Frothy fluid may escape from the respiratory 
passages, and there may be extreme swelling of the mucous membranes 
of the throat and larynx. Death occurs with stoppage of respiration, 
the heart continuing to beat some time longer. Of Gillette’s cases, 18 
were in persons with a distinct history of asthma, 9 of whom died. In 
some of the patients the asthmatic attacks were provoked by being about 
horses. 

The most typical cases of serum reaction begin with local swelling 
at the site of injection, the surrounding skin showing urticarial wheals 
and erythema. Soon the urticaria becomes general over the body, ac- 
companied by severe itching (Cases 6 and 7). Fever often precedes and 
accompanies the exanthem and sometimes persists after its disappear- 
ance. The lymph glands adjacent to the site of injection show enlarge- 
ment and may be tender to touch, and there may be enlargement of the 
lvmph glands throughout the body.’® With the general urticaria the 
patient is restless, irritable or may be drowsy. 

The urticarial lesions may become confluent, leading to general 
edema of the involved skin. This is especially noticeable on the face, 


8. Rosenau and Anderson: Bull. 29, Hyg. Lab. U. S. P. H. and M.-H. S., 1908. 

9. Gillette: Therap. Gaz., 1909, xxxiii, 159. 

10. Von Pirquet and Schick state that swelling of the spleen occurs, but less 
commonly than swelling of the lymph glands. 
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where the loose tissues of the eyelids and lips may be so swollen as com- 
pletely to disfigure the features. The urticaria usually disappears as 
suddenly as it comes, and the fever and general ill feeling usually sub- 
side with it. It is common for the urticaria to disappear almost com- 
pletely for several hours and return again. This may be repeated several 
times. In one of the cases observed (Case 10) an outbreak of urticaria 
oceurred on the sixth day, lasting a few hours. After a free interval 
urticaria again developed on the thirteenth day and persisted quite con- 
stantly for three days. The urticarias were usually of short duration, 
only a few lasting three or four days. In 1 case urticaria persisted five 
days, in 2 cases six days, and in 1 case seven days. Von Rittershain did 
not observe a longer persistence of the eruption than five days, but 
Hartung and Daut noted several such cases. The larger the quantity of 
serum administered the more severe are the symptoms apt to be. A 
much larger proportion of severe reactions occurred among the patients 
receiving the larger quantities of serum. Occasionally a very severe 
reaction occurred after the injection of a small quantity of serum, 15 
or less, 

Fever is an inconstant symptom. It was present in over half the 
cases observed by von Rittershain, Hartung and Daut. We have several 
times noted a prodromal fever the day preceding the eruption, as pre- 
viously described by von Rittershain (Case 9). In accord with his ob- 
servations, the fever more often came at the same time as the skin erup- 
tion. Cases of severe urticaria may run afebrile courses (Case 8). Von 
Pirquet noted that high fever of short duration was often seen after 
injections of small quantities of serum. He ascribes the duration and 
intensity of fever partly to the quantity of serum administered and 
partly to the individual susceptibility. 

Pains in the joints may occur as the only symptom of serum intoxica- 
tion, but usually they precede, accompany or follow other manifesta- 
tions. Hartung noted joint symptoms in 10 out of 68 cases of serum 
disease. More or less joint symptoms were noted in about 20 per cent. 
of our cases. In some the pain was very severe and persistent; in others 
very slight and transient, and in some cases a stiffness only was com- 
plained of. The pains are spontaneous, increased by motion and some- 
times by touch. The severity of the pain is usually in marked contrast 
to the limited objective findings. After one to three days the pains dis- 
appear, leaving the joints without permanent alteration. In our experi- 
ence, swelling of the affected joints is unusual. Von Rittershain ob- 


served swelling of the joints in a single case. In Hartung’s 10 cases with 
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joint pains, swelling was present in 8. In one of his cases there was 
much effusion into the knee joint. The joints most often involved are 
those of the hand, including the metacarpophalangeal joints. Next in 
frequency are the knee joints. Any of the joints may be involved, and 
often several are affected simultaneously or in succession. Effusions 
into serous cavities are not frequent. Rosenhaupt’? has recorded a case 
in which abundant pericardial effusion accompanied a severe reaction, 
which terminated in recovery. 

Von Pirquet and Schick have shown that a general edema can be 
demonstrated at the time of the serum reaction by weighing the patient. 
The weight rises with the appearance of the symptoms of the reaction 
and again falls with their subsidence. The edema of the face and some- 
times of the hands is quite apparent in severe cases. 

A slight transient albuminuria is said by von Pirquet and Schick to 
occur but rarely. The urine is often reduced in quantity. 

A leukopenia has also been noted by them. 

Of the skin eruptions which may develop, aside from urticaria, a 
simple erythema is most common (Cases 11 and 12). This may be 
limited to the skin about the site of injection, or it may extend over a 
large part of the body. It is often associated with urticarial lesions, 
and may be accompanied by fever. The redness disappears on pressure, 
and is usually quite transient, lasting from one to three days. 

Less frequently are observed cases of exanthem, which are very sug- 
gestive of the eruption of measles (Case 13). Two such cases were 
observed in our series. One was accompanied by fever and one was afeb- 
rile. These cases are differentiated from measles by the lack of catar- 
rhal symptoms, the absence of Koplik’s spots in the mouth and the 
abrupt fading of the rash. Berg’? says that catarrhal symptoms are 
sometimes shown in cases of serum reaction. 

The true scarlatinal form of exanthem is very rare. We have rec- 
ords of a single typical case (Case 14). The rash appeared on the 
ninth day with a temperature of 101 F., and the rash over the body was 
indistinguishable from that of scarlet fever. Angina and the charac- 
teristic appearance of the tongue were absent. The fever fell the second 


day and no desquamation followed. In cases of this type a certain dif- 


ferential diagnosis is very difficult, especially in convalescent cases of 
diphtheria in which the throat is still red. If joint pains appear with the 
11. Rosenhaupt: Miinchen. med. Wehnschr., 1905, lii, 2019. 
12. Berg: Med. Ree., 1898, liii, 865. 
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eruption, they are an aid in diagnosis, since the joint complications in 
scarlet fever are not apt to occur during the acute eruptive stage. 

Of the erythema multiforme and exudativum, which occur in asso- 
ciation with the serum reaction, we have observed but 3 cases, 2 of the 
former and 1 of the latter. They are among the rare manifestations of 
serum intoxication. 

The mucous membranes are usually unaffected, but in some cases 
there is swelling of the tongue and the lining of the throat. The in- 
volvement of the respiratory mucous membrane is evidenced by cough 
and hoarseness (Case 15). Mucous membranes which have been the seat 
of the diphtheritic process are more prone to exhibit swelling at the 
time of the serum reaction. I have noticed this in a marked degree in a 
case of severe and extensive pharyngeal diphtheria (Case 16). The local 
signs had nearly disappeared when manifestations of the serum intoxica- 
tion made their appearance. Simultaneously there developed marked 
swelling of the mucous membranes of the throat previously involved in 
the diphtheria, and this subsided as the other symptoms of the serum re- 
action cleared up. In 2 or 3 cases of laryngeal diphtheria we have noted 
similar phenomena (Case 17). After all laryngeal symptoms had been 
absent several days, with the onset of an urticaria the children again 
became very hoarse and croupy, but in no case was there sufficient ob- 
struction to require intubation. Cases of this sort were first reported by 
Mya."* In one of his cases the preceding laryngeal inflammation was 
catarrhal, and in one an immunizing dose of 500 units was followed 
by a severe serum reaction during which alarming symptoms of laryn- 
geal obstruction appeared. He epeaks of the condition as a sort of 
“urticaria of the mucous membrane of the larynx” and a “hypoglottic 
edema.” A similar case was related by von Pirquet and Schick. 

Disturbance of the stomach, as shown by local discomfort, nausea 
and vomiting, were observed several times. Similar symptoms have been 
observed by Hartung and others. In one of our cases of reaction fol- 
lowing a secondary injection, nausea and vomiting were associated with 
a very troublesome urticaria, and jaundice appeared, to clear up quite 
rapidly after the reaction subsided. Hartung noted that constipation 
often accompanied the serum reaction and less frequently diarrhea. In 
an infant he observed catarrhal enteritis. In two older children he saw 
an enteritis, once with muco-bloody stools, and once with serous stools 
containing blood-stained mucous particles. 

More or less general disturbance accompanies all cases of severe 
serum reaction Adults some time complain of headache, backache and 


13. Mya: Monatschr. f. Kinderh., 1903, ii, 527. 
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severe aching in the muscles. In the more severe cases there is a consid- 
erable degree of prostration, with tendency to fainting. 


I have not observed desquamation after the eruptions, but such has 
been described. Even after the cases of scarlatiniform eruption the des- 
quamation is fine, and not like that which follows scarlet fever. 


CASES ILLUSTRATING SOME OF THE REACTIONS FOLLOWING PRIMARY 
INJECTIONS OF SERUM 


CASE 1.—Primary injection, typical immediate local reaction, coming on in 
two hours. 

History.—The patient, a man, aged 31, with the exception of typhoid fever 
eight years before this illness, was very well since 10 years of age. He was sub- 
ject to urticaria in childhood. He had never had rheumatism or asthma; had 
never received any injections of any sort. The patient was a very intelligent 
man, and previous sensitization by horse serum could be absolutely excluded. 

Injection of Serum.—Nov. 8, 1908, at 2 p, m., 1 ¢.c, of antidiphtheria serum 
was injected beneath the skin of the forearm as a prophylactic measure after ex- 
posure to diphtheria. The serum used was whole horse serum. 

Reaction.—At 4 p. m. the entire skin of the forearm was red and swelling was 
present at the site of injection. At 6 p. m. urticarial wheals appeared on the 
arm, and recurred for two days. They were mostly on the forearm, a few oc- 
curring above the elbow. No lesions occurred on other parts of the body. The 
swelling of the forearm increased until the evening of November 9, when there 
was great swelling of the entire forearm, extending a little on the back of the 
hand. The skin overlying the swollen parts was intensely red. During this time 
there was extreme itching, aggravated with each new appearance of urticarial 
wheals. The arm felt stiff and clumsy; there was no acute pain, but there was 
limited tenderness to pressure. No glandular alterations were noted. During 
this time there were no general disturbances. 

Nov. 10, 1908: In the morning the patient went to work feeling well, except 
for stiffness in the swollen arm. At 10 a. m. he suddenly developed a temper- 
ature of 102 F., with severe headache, vomiting, and a feeling of general weak- 
ness. At 1 p. m. he staggered as he walked home and felt extremely prostrated. 
From 2 to 5 p. m. he slept, and on awaking the fever had subsided, but a feeling 
of great weakness persisted. 

Nov. 11, 1908: The patient was about, but felt very weak. 

Nov. 12, 1908: The patient felt well. 

The swelling in the arm, after reaching its height, gradually subsided, re- 
quiring a week from the onset to disappear entirely. 

At the same time that this patient was given an injection, seven other persons 
received the same dose, i. e., 1 ¢.c. each, from the same package. Of these, three 
were children, 3, 3 and 5 years of age respectively, all of whom showed mild 
urticarias after seven to ten days; four were adults, three of whom developed 
mild urticarias after seven to ten days. None of the seven cases showed any 
local or general symptoms until after the usual period of incubation. 

CASE 2.—Primary injection, painful swelling at site of injection in twenty- 
two hours; no eruption. 

Injection of Serum.—A boy, aged 12, had tonsillitis. On Nov. 25, 1906, he 
was given 2 c.c. antidiphtheria serum for immunization on admission to the con- 
tagious wards. 
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Reaction.—On Nov. 26, 1908, twenty-two hours after the injection, there de- 
veloped headache and a painful swelling at site of injection, which disappeared 
in two aays. The overlying skin was erythematous. No other symptoms de- 
veloped. 

Case 3.—Primary injection, local reaction on sixth day. 

Injection of Serum.—A boy, aged 7, was given 2 c¢.c. antidiphtheria serum on 
Jan. 13, 1908, for the purpose of immunization after exposure to diphtheria. 

Reaction—On Jan. 19, 1908, at the site of injection, there was erythema of 
an area of the size of the hand; no swelling. On Jan. 20, 1908, there was an 
urticaria about area of erythema. The next day the patient was better, and no 
other symptoms followed. 

Case 4.—Primary injection, local swelling and erythema in nineteen hours 
and general urticaria on the sixth day. 

Injection of Serum.—A girl, aged 5, had diphtheria. On Jan. 1, 1907, 25 c.c. 
of antidiphtheria serum were given in two doses at 1 and 6 p. m. 

Reaction.—On Jan, 2, 1907, 8 a. m., at the site of the injection was a tender 
swelling, with erythema of the overlying and surrounding skin, which subsided 
in two days. On Jan. 7, 1907, there were a few urticarial lesions scattered over 
the entire body. On Jan. 8, 1907, there was marked general urticaria, 


Case 5.—Primary injection, local reaction in twenty-four hours, erythema on 
the tenth day. 

Injection of Serum.—A girl, aged 9, had diphtheria. On Jan. 17 and 18, 1906, 
she was given 40 ¢.°. of antidiphtheria serum in three doses. 

Reaction.—Twenty-four hours after the first injection there appeared tender 
swellings at the site of injections with erythema of skin over and about them, 
which disappeared in two or three days. On Jan. 27, 1906, she had headache, 
diffuse erythema over chest and slight erythema in a few other places. 

Case 6.—Primary injection, local reaction with some general urticaria on the 
sirth day. 

Injection of Serum.—A girl, aged 8, was given 2 c.c. antidiphtheria serum on 
Jan, 13, 1908, for the purpose of immunization after exposure to diphtheria. 

Reaction.—On Jan. 19, 1908, there was an elevated red area, six inches in 
diameter, at the site of the injection. The adjacent lymph glands were enlarged 
and tender. There were a few urticarial lesions on the legs and lips. The fol- 
lowing day the lesions were less marked and rapidly declined. 


CASE 7.—Primary injection, local reaction on the sixth day, followed by very 
severe general urticaria lasting seven days. 

Injection of Serum.—A woman, aged 23, had diphtheria. On Oct. 13, 1907, 
she was given 4 ¢.c. of antidiphtheria serum in a single dose. On Oct. 19, 1907, 
in the afternoon, painful swelling appeared at the site of injection with slight 
adjacent urticaria. On Oct. 20, 1907, there was a slight urticaria on the back 
and continuance of local reaction. On Oct. 21, 1907, there was no fever; slight 
local and general urticaria, The patient complained of a “smothering sensa- 
tion.” On Oct, 22, 1907, at 4 p. m., there was marked urticaria, especially about 
the larger joints of extremities. On Oct. 23 to 26, 1907, there was severe general 
urticaria coming and going. On Oct. 27, 1907, the urticaria was slight and less 
troublesome. On Oct, 28, 1907, the urticaria was absent and did not return. 
The entire course was afebrile. 


Case 8.—Primary injection, general urticaria on sixth day, with considerable 


general disturbance, 
Injection of Serum.—A boy, aged 11, had diphtheria. On Jan. 9, 1907, he 
received 12 ¢.c, of antidiphtheria serum. 
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Reaction.—On Jan. 15, 1907, 8 a. m., there was urticaria over the entire body ; 
the temperature was 98.6 F., the pulse 92. At 2 a. m. the patient had headache, 
nausea, dizziness, Urticaria came and went during the three next days with 
some ill feeling. On Jan. 19, 1908, the patient had general urticaria, a fainting 
attack on rising, and his pulse was weak. The next day the urticaria was absent 
end did not occur, and improvement was rapid from this time, 

CASE 9.—Primary injection, severe general reaction on ninth day, preceded 
by fever. 

Injection of Serum.—A girl, aged 18, had diphtheria. On Oct, 2, 1908, 10 ©.c. 
antidiphtheria serum were administered, and on Oct. 3, 1908, 20 ¢.c. of the same. 

Reaction.—On Oct. 11, 1908, the patient's temperature was 100.4 and the pulse 
120; the patient was very restless. There was no eruption. On Oct. 12, 190s, 
the temperature was 101.6 F., the pulse 120; there was severe general urticaria. 
The patient complained much of pain in muscies; was very restless. On Oct. 13, 
1908, the temperature was 101.8 F., the pulse 116, the urticaria severe, the face 
flushed, and the patient very restless. On Oct. 14, 1908, the urticaria was less 
violent. The patient’s temperature was 99.2 F., pulse 100; there was marked 
prostration. On Oct. 15, 1908, there was no urticaria. The temperature was 98.4 
F., pulse 72. From this time on improvement was rapid. 


Case 10.—Primary injection, urticaria on the sixth day, recurring on the 
thirteenth day. 

Injection of Serum.—A girl, aged 2, had laryngeal diphtheria. On Dee. 25, 
1907, 20 cc. and on Dee. 26, 1907, 8 ¢.c. of antidiphtheria serum were injected. 

Reaction.—On Dee. 31, 1907, there was a mild general urticaria lasting a few 
hours. From this time the patient was entirely free from any signs of reaction 
until Jan. 7, 1908, when a moderate general urticaria appeared and persisted for 
four days. 


Case 11.—Primary injection, erythema on third day, followed later by pains 
in joints and muscles and still later by general urticaria, 

Injection of Serum.—A man, aged 22, had diphtheria. On Nov, 1, 1908, 20 c.c. 
of antidiphtheria serum were injected, and on Nov. 2, 1908, 40 ¢.c. in two doses. 

Reaction.—On Nov. 4, 1908, there was erythema over the abdomen and arms. 
On Nov. 5, 1908, the erythema was extending over body. There was pain in 
joints and muscles. On Noy, 15, 1908, there was profuse general urticaria. The 
urticaria persisted three days and then disappeared. 

CASE 12.—Primary injection, erythema on fifth day, general urticaria on 
eighth day. 

Injection of Serum.—A boy, aged 4, had diphtheria. On July 11, 1907, 12 ¢.c., 
and on July 12, 1907, 15 ¢.c. antidiphtheria serum were administered. 

Reaction — On July 16, 1907, there was diffuse erythema over body. On July 
19, 1907, there was general mild urticaria. The entire course was afebrile. 

CASE 13.—Primary injection, morbilliform eruption on the eleventh day, with 
local urticaria, 

Injection of Serum.—A boy, aged 6, was given an immunizing dose of 2 ¢.c. of 
antidiphtheria serum on June 5, 1908, 

Reaction.—On June 11, 1908, the patient had no fever. About the site of in 
jection were a few urticarial lesions. Scattered over the body, but most abundant 
over the forehead, were round or oval papules, looking very much like the erup- 
tion of measles in the earlier stages. There were no other signs of measles, no 
catarrhal symptoms or Koplik spots. No cases of measles developed among sev- 
enty-five children exposed. 


} 
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CASE 14.—Primary injection, scarlatiniform eruption on ninth day. 

Injection of Serum.—A boy, aged 11, had diphtheria. On Aug. 15, 1907, 10 
c.c. of antidiphtheria serum were injected. 

Reaction.—On Aug. 24, 1907, the temperature was 101; the chest, back and 
abdomen were covered with a rash very closely resembling that of scarlet fever. 
The following day the temperature was normal and the rash disappeared during 
the day. No other symptoms of scarlet fever were present. There was no subse- 
quent desquamation. 


Case 15.—Primary injection, severe general reaction on fifth day with marked 
involvement of mucous membranes. 

Injection of Serum.—Woman, aged 25, had diphtheria. On Oct. 27, 28 and 29, 
190%, she was given 22 c.c, of antidiphtheria serum in three doses, 

Reaction.—Oct. 31, 1906, in the afternoon she complained of pain and distress 
in the cardiac region. On Nov. 1, 1906, at 8 p. m., the patient had violent 
urticaria over the entire body; severe pain in gastric region; temperature of 
98.6 F.; pulse 92. On Nov. 2, 1906, at 7 a. m., the patient vomited and was very 
hoarse. Urticaria came and went. On Nov. 4, 1906, she vomited, had normal 
temperature and slight hoarseness, On Nov. 5, 1906, nausea was present and gen- 
eral severe urticaria. On Nov. 6, 1906, there was quite severe pain in joints and 
much pain in the gastric region. On Nov. 7, 1906, there was much pain in the 
joints, but no urticaria. Following this was considerable general depression for 
two or three days, followed by quite rapid gain of strength. 


Case 16.—Primary injection, general reaction on eleventh day with involve- 
ment of mucous membranes. 

Injection of Serum.—A man, aged 22, had diphtheria. From Oct. 19 to 21, 
1908, the patient received 100 c.c. of antidiphtheria serum. 

Reaction.—On Oct. 30, 1908, the temperature had been normal for six days 
and he had felt generally well. Swelling had almost disappeared from the 
throat. On Oct. 30, 1908, at 3 p. m., the temperature suddenly rose to 101.6 F., 
with associated headache. On Oct. 31, 1908, in the morning, the temperature 
was 101.6 F., and the patient had headache and crampy pains in the epigastrium. 
The skin of the chest showed a delicate erythema. Some fever continued the two 
following days. On Nov. 3, 1908, at 4 p. m., the temperature was 103.3, pulse 
96, and there was nausea and vomiting. There was headache, general aching in 
the muscles and extensive severe urticaria. The mucous membranes of the 
throat and tonsils, previously involved in the diphtheria, were much swollen and 
sore. On Nov. 4, 1908, in the morning, the urticaria was much less, the temper- 
ature 99, and the pulse 84. In the afternoon the patient was very much improved 
in every way, and from this on the temperature remained normal and no further 
symptoms of serum reaction returned, 


Case 17.—Primary injection, general urticarial eruption on tenth day, with 
return of laryngeal symptoms, 

Injection of Serum.—Boy, aged 4, had laryngeal diphtheria. On Dec. 19, 1906, 
10 c.c. of antidiphtheria serum, and on Dec. 20, 1906, 30 c.c. of antidiphtheria 
serum were given in three doses. 

Reaction.—On Dec, 28, 1906, the boy was convalescent, all laryngeal symptoms 
having been absent for four days, with normal temperature. On December 29 tie 
temperature was 101 F.; mild general urticaria was present. The patient be- 
came quite hoarse. On December 30, 1906, the temperature was 103 F.; there 
was marked urticaria over the whole body. The patient was very hoarse and 
croupy. On December 31 the temperature was normal. The patient’s hoarseness 
gone and he made an uneventful recovery. 
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REACTION FOLLOWING A SECONDARY INJECTION OF SERUM GIVEN AFTER 
AN INTERVAL OF CONSIDERABLE LENGTH. ANAPHYLAXIS 


It has been observed by many who have used diphtheria antitoxin on 
a large scale that when a person receives a secondary injection of serum 
ten days or more subsequent to the primary one the symptoms of the 


serum intoxication develop almost immediately or after a shortened in- 
cubation period. Cases of this sort were first carefully studied and de- 
scribed by von Pirquet and Schick in 1905 in their valuable monograph 
on the serum disease, and the following description is largely drawn 
from that source. According to whether the symptoms appear after a 
very short interval of a few hours or after a longer interval of three to 
six days, von Pirquet and Schick have designated such reactions as “im- 
mediate” or “accelerated.” The immediate reactions may be local or 
general. In the immediate local reaction or “specific edema,” an intense 
edema appears at the site of injection a few minutes or hours after the 
secondary injection, reaches its height in twenty-four hours, and gradu- 
ally subsides in two to five days. The regional lymph glands are often 
enlarged and sensitive. Slight fever and chilliness are often present. 
In the immediate general reaction, fever, exanthem and other general 
symptoms occur within the first twenty-four hours. The urticaria begins 
almost simultaneously at the site of injection and on the rest of the body 
and is accompanied by distressing itching. In the face there is apt to be 
much swelling, especially of the lips and eyelids. The general exanthem 
is usually urticarial, but may become morbilliform or erythematous. 
Fever often occurs. 

The accelerated reaction follows the secondary infection after an 
interval of five to seven days. The onset is very precipitate and the 
symptoms correspond to those observed in the reaction occurring at the 
normal time after a primary injection—fever, exanthem, edema, joint 
pains, etc. Individuals who first show an immediate local reaction may, 
after an interval of four to eight days, show an accelerated reaction, or 
the accelerated reaction may occur with no preceding local one. 

Von Pirquet and Shick observed 20 children in whom primary and 
secondary injections were administered with varying intervals. In 6 
vases, with intervals of one to six days, no reaction occurred; in 2 cases. 
with intervals of six and nine months, 1 showed a slight immediate local 
reaction; in 12 cases, with intervals of three to eight weeks, 11 gave an 
immediate local reaction and 1 showed a general exanthem on the sixth 
day. If the interval between the primary and secondary injections is 
from twelve to forty days, immediate reactions only are to be expected ; 
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if one-half to six months, both the immediate and accelerated reactions 
may be looked for; if the interval is over six months, accelerated reac- 
tions occur in the largest proportion. When the interval is over three 
months, the immediate reaction is no longer constant, and from this 
time on it gradually disappears. In one case it was observed after an 
interval of three years. In their experience, the accelerated reaction first 
occurred after an interval of twenty-one days, and the longest interval 
after which they observed it was seven and one-half years. They note 
that the local reaction follows the administration of smaller quantities 
of serum, and that it occurs regularly if large doses of serum are em- 
ploved in the primary injection, and the interval is three to eight weeks. 

Following von Pirquet and Schick, several authors have written of 
cases of a similar nature. Currie, in 1907, recorded 2 cases, one of im- 
mediate and one of accelerated reaction out of 5 patients receiving sec- 
ondary injections after intervals of more than ten days. In a later com- 
munication'* he has reported abnormal* serum reactions following the 
use of serum in meningitis. He concluded that the total volume of serum 
did not affect the frequency of abnormal reactions, and that a preceding 
normal reaction did not predispose to a subsequent abnormal one. Good- 
all, in 1907, reported a series of 90 cases in which secondary injections 
of serum were given after intervals of eight to fifteen hundred and eleven 
days. Among these, 17 patients (18.8 per cent.) developed an immediate 
reaction. The shortest interval was thirty-five davs and the longest 363 
davs. He concludes that a secondary injection within five weeks of the 
primary one is not likely to give rise to an immediate reaction. In 7 of 
the 17 cases, severe symptoms were presented, in 1 very severe. All the 
patients recovered. In 1 case rigor was followed by convulsions, in 1 
rigor was followed by collapse, in 4 rigor alone occurred, and in 1 case 
collapse alone. He adds: “Though I have had a very extensive experi- 
ence of serum treatment, I have never seen an immediate reaction of any 
kind after a first injection for a primary attack of diphtheria, and I 
have never seen convulsions, a rigor or vomiting due to serum except as 
part of such a reaction, with only one, and that a very doubtful, exception.” 

Of his 90 cases, 30 (33.3 per cent.) showed accelerated reactions. In 
every case but one the reaction occurred before the fifth day; in 17 on 
the day following the injection, in 5 on the second, in 2 on the third, in 
5 on the fourth and in 1 on the fifth day after the injection. The short- 
est interval between the primary and secondary injection was eighteen 


14. Currie: Jour. Hyg., 1908, viii, 457. 
*British authors have spoken of serum reactions in persons not previously 
sensitized as “normal” and in those previously sensitized as “abnormal.” 
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days, the longest was 1,511 days. In 8 cases the accelerated reaction was 
preceded by an immediate reaction. The accelerated reactions were 
seldom severe. In 1 case there was collapse and in 1 joint pains. He 
concludes as follows: 

A. When serum reaction occurs at the primary attack (of diph- 
theria) the patient is more likely to have an abnormal reaction after 
the second injection. 

B. The greater the volume of serum given at the primary attack the 


more likely is an abnormal reaction to occur after serum at the second 


attack. 

An abnormal reaction is most likely to occur after serum in a 
second attack when a patient has had a large volume of serum followed 
by a reaction at the first attack. 

Umber,’® in 1908, reported a very severe reaction in a young woman 
of 22 years. Two vears before. she had been treated with serum. The 
secondary injection consisted of 2.5 c.c. of antidiphtheria serum. Two 
hours after the injection severe collapse developed, accompanied by 
marked universal urticaria, great edema of the face, fever, pulse scarcely 
perceptible and 160 per minute. There was slight enlargement of the 
area of cardiac dulness. Recovery was complete in ten days. Otto® in 
the same year, observed a severe reaction in a child following a second- 
ary injection of 0.8 ¢.c. of serum. 

TABLE V.—PATIENTS RECEIVING A SECONDARY DOSE OF SERUM AFTER VARYING 
INTERVALS 


Primary Dose. Secondary Dose. Interval. 


16 cc. 18 days |No reaction after either injection. 
40 ec. 50 days Mild general urticaria on 6th day after second 
ary injection. 
140 cc. months (Severe reaction after primary injection. No re 
action after secondary injection, 
3 months Local reaction with temperature of 99.8 F., 
hours after secondary injection. 
months No reaction after either i injection. 
months {No reaction after either injection. 
months Erythema and urticaria 10 hours after second 
| ary injec tion. 
months |Noreactionafter primary injection. Immediate 
general urticaria with collapse after second- 
ary injection. 

2 years No reaction after either injection. 

2 years |No reaction after primary injection. Severe 
| general urticaria 12 hours after secondary in 
| jection. 
|No reaction after yrimary injection. General 
| reaction, 4 days after the Ist, and 1 hourafter 

the se ab secondary dose. Jaundice. 


I have observed 11 cases in which a primary administration of serum 
was followed by a secondary injection after intervals varying from 


15. Umber: Therap. d. Gegenw., 1908, xlix, 480. 
16. Otto: Therap, d. Gegenw., 1908, xlix, 498. 
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eighteen days to two vears. A summary of these cases is given in 
Table 5. It will be noted that no reaction followed the secondary 
injection in 5 cases, in 1 only of which had a reaction followed 
the primary injection. As regards the 6 cases in which there was a 
serum reaction after the secondary injection, in 1 a mild general reac- 
tion occurred on the sixth day, in 1 local reaction occurred after sixteen 
hours, in 2 a general reaction occurred after ten and twelve hours, in 1 
there was a very severe immediate general reaction, and in 1 a general 
reaction occurred four days after the first and one hour after the second 
secondary dose. 

It is noteworthy that no serum reaction occurred after the primary 
injection in any one of three patients who developed severe reactions 
after the secondary injection. 

Since these cases are of special interest, I have related their histories 
somewhat in detail (Cases 18 to 23). 


CASES OF SERUM REACTION FOLLOWING A SECONDARY INJECTION OF 
SERUM 


CASE 18.—Secondary injection after an interval of fifty days, followed in six 
days by a mild general urticaria. 

Injection of Serum.—A boy, aged 4, had diphtheria. Fifty days previously he 
was given 2 ¢.c. of antitoxiec serum as a prophylactic measure during a course of 
searlet fever. April 5, 1907, he received 32 ¢.c. and April 7, 1907, 8 ¢.c. of anti- 
diphtheria serum. 

Reaction.—April 11, 1907, there appeared a mild general urticaria. 


Case 19.—Secondary injection after an interval of three months, followed in 
sixteen hours by a local reaction. 

Injection of Serum.—A boy, aged 7, three months before December, 1908, was 
treated with antitoxin for diphtheria. On Dec. 3, 1908, an immunizing dose of 
2 c.c. of antidiptheria serum was injected. 

Reaction.—Sixteen hours later there was observed at the site of injection a 
firm swelling, three inches in diameter, elevated above the surface, with an 
erythema of the skin over and about the swelling. 


Case 20.—NSecondary injection after an interval of eight months, followed in 
ten hours by local erythema and general urticaria. 

Injection of Serum.—A boy, aged 3, had diptheria. Eight months before he 
had received injections of antitoxin for diphtheria. On Jan. 15, 1907, he was 
given 4 c.c, of antidiphtheria serum. 

Reaction.—Ten hours after the injection there developed a delicate erythema 
on the neck and chest, and urticarial lesions over the body. The temperature 
was not elevated. 


CASE 21.—Secondary injection after an interval of two years, followed in 
twelve hours by a very severe general reaction. 

Injection of Serum.—A woman, aged 23, had received antitoxin for diphtheria 
in the spring of 1906. No signs of serum reaction followed. On Feb, 27, 1908, 
she developed a tonsillitis and at 9 p. m. was given 4 c.c. of antidiphtheria serum. 
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Reaction.—Feb. 28, 1908, at 9 a. m., urticarial lesions appeared on the face 
and arms, but were not very troublesome, and during the following day mild 
urticaria was present. March 1, 1908, she was so hoarse as to be unable to speak 
above a whisper. There was a marked coryza, and urticaria] lesions were scat- 
tered over the body. March 2, 1908, about noon, there appeared a very violent 
generalized urticaria with great swelling of the lips and eyelids. The hoarseness 
was less marked. At 4 p. m. the patient complained of choking sensations. The 
mucous membrane of the pharynx was perceptibly edematous. There was pro- 
nounced edema of the hands, wrists and ears. The itching was intense and was 
associated with great restlessness. A chill occurred at 6 p. m., but the temper- 
ature only rose to 99.6 F. At 8 p. m. the patient vomited and fainted on getting 
out of bed. The pulse was weak, but not very rapid. At 11 p. m. she complained 
of vertigo. The urticaria was very annoying, and the itching in the soles of the 
feet was especially complained of. On March 3, 1908, at 2 a. m., the patient 
complained of nausea, and difficulty in breathing. The pulse was weak; there 
was no cyanosis; the temperature was 98.6. The patient was unable to sleep; 
complained of itching in the tongue. At 5 a. m. the eruption had almost disap- 
peared, and the patient felt very weak and depressed. There was no albumin in 
the urine. During the day the urticaria was mild and troublesome only at times. 
On March 4, 1908, after midnight the patient slept considerably. During the 
day she complained much of headache, nausea and vertigo, and of a general feel- 
ing of weakness. There was no urticaria. The next day the vertigo had disap- 
peared and the patient felt much improved. For several days she was weak, and 
only after an additional ten days had she recovered her strength. 

Case 22.—Secondary injection after an interval of two years, with general 
reaction four days after the first and one hour after the second secondary dose, 
and with subsequent jaundice. 

Injection of Serum.—A man, aged 22, had diphtheria. Two years previously 
he had had diphtheria and received 8,000 units of antitoxin. No serum reaction 
followed this injection. On Nov. 15, 1908, on the appearance of slight soreness of 
the throat he received 2 ¢.c. of antidiphtheria serum. The following day there 
was local itching. On Nov. 19, 1908, at 12:30 a. m., on a diagnosis of diphtheria 
being made, the patient, immediately after entering the contagious hospital, was 
given 20 c.c. of antidiphtheria serum. 

Reaction.—One hour after the injection general urticaria began to appear, and 
on Nov. 20, 1908, at 8 a. m., a severe general urticaria was present. During the 
day he was twice given 20 c.c. of antidiphtheria serum. There was slight fever 
and two attacks of vomiting. On Nov. 21, 1908, in the forenoon, jaundice began 
to appear. At noon there was very severe urticaria and pronounced edema of 
face, hands and feet. No albuminuria was present. During the two following 
days the urticaria was very troublesome and the jaundice became deeper. From 
that time on urticaria was absent, and the jaundice rapidly cleared up. 

CASE 23.—Secondary injection after an interval of nine months followed by a 
very severe general reaction in thirty minutes. 

Injection of Serum.—A woman, aged 25, on March 1, 1908, was given 4 c.c. of 
antidiphtheria serum during an attack of tonsillitis. No symptoms of serum re- 
action followed. During the second week of December, 1908, she suffered from 
rheumatic pains in the hips and joints of the lower extremities. She had rheu- 
matism several] years before. On Dec, 12, 1908, a sore throat with exudation 
upon the tonsils was diagnosticated by cultures as diphtheria. Dec. 13, 1908, 
at 7:30 p. m., she was given 20 c.c. of antidiphtheria serum subcutaneously. 

Reaction.—At 8 p. m. there suddenly appeared a violent urticaria distributed 
over the entire body, associated with great itching and marked restlessness. At 
9 a. m, the patient was in extreme collapse, the skin clammy, the lower ex- 
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tremities cold, the radial pulse imperceptible, and the patient so nearly uncon- 
scious that she could not be aroused. There was no cyanosis or noticeable 
dyspnea. Under the application of external heat, diffusable stimulants hypo- 
dermically and the subcutaneous introduction of large quantities of physiologic 
salt solution, she gradually emerged from the condition of collapse, and at 10 p. 
m. consciousness returned, but the radial pulse was still irregular and weak and 
could not be counted. At 11 p. m. the patient was nauseated and vomited twice. 
During the few hours the following notes were made on the history: 

Dec. 14, 1908, 12:30 a. m., pulse fairly strong; patient drowsy; 2:30 a. m., 
nausea; 4 a. m., pulse full and regular; temperature, 98.6 F.; 12 m., nausea, 
headache; 4 p. m., pulse 100, regular and of fair quality, temperature 100.2 F. 

Dec. 17, 1908, a. m., urticaria was now very mild. 

Patient complained of pain in the legs. From this time on there was gradual 
improvement, but several days were required for gaining the usual strength. 

If this patient had not been situated so as to secure prompt and effi- 


cient treatment, one is fearful as to what the outcome might have been. 


TOXIC EFFECTS OF ALIEN SERUMS IN ANIMALS 

Uhlenhuth,* in 1897, added much to our previous knowledge re- 
garding the toxic effects of the serum of one animal when injected into 
others. It was found that the intravenous injection of 7 to 10 c.c. of 
normal human blood serum, 11 ¢.c. of sheep serum, 12 ¢.c. of hog serum 
and 6 ¢.c. of cattle serum per 1 kilogram of weight was fatal to rabbits 
in half an hour. Horse serum did not kill or produce any reaction when 
injected in quantities as large as 60 ¢.c. per kilogram of weight in rab- 
bits. The subcutaneous injection in guinea-pigs of 0.5 cc. of human, 
rabbit, hog and sheep serum led to local infiltration, and similar injec- 
tions of 15 to 20 ¢.c. of the same serums led to local necrosis. H. Pfeif- 
fer'* confirmed these latter results and showed that the subcutaneous 
injection of large quantities of horse serum in guinea-pigs caused at 
most a slight local reaction. The intraperitoneal injection of large quan- 
tities—5 to 10 c.c.—of horse serum in guinea-pigs has been found to be 
entirely harmless by Rosenau and Anderson and many other investiga- 
tors. Lewis'® observed slight symptoms of intoxication in guinea-pigs 
which received 2 ¢.c. of horse serum into the circulation followed by 5 
c.c. intraperitoneally. The effects of the injection of horse serum in man 
has been already discussed. As a general rule, horse serum is decidedly 
less toxic for alien species than other serums. 


ANAPHYLAXIS 
In 1904, during Ehrlich’s visit to America, his attention was directed 
by Theobald Smith to the fact, which had often been observed by vari- 


17. Uhlenhuth: Ztschr. f. Hyg., 1897, xxvi, 384. 
18. Pfeiffer (H.): Ztschr. f. Hyg., 1905, li, 183. 
19. Lewis: Jour. Med. Research, 1908, x, 608. 
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ous persons during the testing of antitoxic serums, that guinea-pigs 
which had received injections of diphtheria toxin and antidiphtheria 
serum with no apparent effect would become sick or die if a few c.c. 
of serum were injected after an interval of some weeks. The result was 
ihe work of Otto,?” whose results were published just prior to those of 
Rosenau and Anderson, who had been trying to solve the same problems 
Both investigations, conducted independently, showed that if guinea- 
pigs were injected with small quantities of horse serum, after a period 
of ten days they became hypersensitive, so that a second injection of a 
larger quantity of serum caused alarming and often fatal results. This 
condition of unusual or exaggerated susceptibility is known as anapliy- 
laxis, hypersusceptibility or supersensitiveness. Guinea-pigs may be sen- 
sitized to horse serum by the injection of 0.004 to 0.000001 ¢.c. of horse 
serum. An interval of ten to twelve days must pass before the animal 
exhibits the condition of hypersusceptibility. If a second injection of 
0.1 cc. of horse serum intraperitoneally or of a larger quantity sub- 
cutaneously is then administered, the guinea-pig shows certain definite 
symptoms of intoxication. In five to ten minutes after the injection the 
animal shows signs of embarrassed respiration, scratches at the mouth 
coughs and may exhibit rapid or spasmodic breathing. It soon becomes 
restless and agitated. This stage is followed by more or less complete 
paralysis, when the pig lies on the side and the muscles are relaxed. 
In a short time convulsive movements supervene and death ensues. Death 
often occurs inside of half an hour and usually within an hour. Some 
animals survive after passing into the stage of relaxation, and they are 
then insusceptible to further injections for some time. All of these 
phenomena have been produced with normal horse serum, and several 
investigators have conclusively shown that the antitoxin or other im- 
mune hodies in the serum have nothing to do with the reaction. 
Previous to the time when the experiments just related were carried 
out, Richet®* had sensitized dogs with small, non-fatal doses of actinis 
poison, so that a second dose, also non-fatal in a normal dog, given 
intravenously after an interval of twenty-one days, produced in a few 
seconds after injection coughing respiration, great weakness, vomiting, 
diarrhea, relaxation and death inside of half an hour. The term “ana- 
phylaxis” was introduced by him to designate this condition of hyper- 
sensitiveness. Since these pioneer observers published their results, 


numerous investigations by them and others have yielded most impor- 


20. Otto: Lenthold Gedenkschrift, Berlin, 1906. 
21. Richet: Arch. di fisiol., 1904, i, 129; Compt. rend. soc. biol., 1905, lviii, 
109, 112. 
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tant results and have shed much light on many phenomena associated 
with immunity and infection. The major part of this work has been 
carried out in American laboratories. It has been shown that a primary 
injection of small amounts of a great number of substances—all of a 
protein nature—is able to render guinea-pigs hypersusceptible to a sub- 
sequent injection of the same substance. Many of these substances are 
entirely innocuous under ordinary circumstances, and embrace such ma- 
terials as milk, white of egg, extracts of peas, etc. Wells?* has shown 
that egg albumin, freed from the other proteins of egg-white by re- 
peated crystallization, produces typically the anaphylaxis reaction. It 
sensitizes in doses as small as 0.00000005 gram; fatally in doses of 
0.000001 gram. The minimum lethal dose for sensitized pigs is about 
0.5 milligram by intraperitoneal injection and about 0.1 to 0.05 milli- 
gram when injected into the circulation. 

The unpurified mixed proteins of egg-white act in a similar manner, 
but are less active. 

Extracts of various bacteria have been shown also to give rise to the 
phenomena of hypersusceptibility and anaphylaxis. 

By feeding guinea-pigs with uncooked horse flesh and horse serum, 
Rosenau and Anderson were able to bring about a considerable degree 
of hypersusceptibility to horse serum. This is of special interest as sug- 
gesting a possible manner in which man may be rendered hypersensi- 
tive through food, and it may help better to understand those cases of 
extreme sensitiveness to horse serum on the primary injection. It is 
also of interest to note that the susceptibility produced by injection of 
certain protein mixtures is not entirely specific. Rosenau and Anderson 
pointed out that the injection of the serum of one animal might render 
the guinea-pig susceptible to other serums, but usually in a less degree 
than to the one injected. Gay and Southard have shown that. although 
an animal sensitized by a given proteid will react most violently to a 
second injection of the same proteid, it will frequently show distinct 
intoxication on injection of a proteid of different origin. It is reasonable 
to infer that this would also hold true in cases of sensitization through 
the alimentary tract. 

Any discussion of the exact chemistry of what occurs during the 
process of sensitization and subsequent intoxication would be largely; 
theoretical. The general opinion seems to be that the sensitizing and 
toxic substances are identical. Some observations by Gay and Adler’ 


22. Wells: Jour. Infect, Dis., 1908, v, 449. 
23. Gay and Adler: Jour. Med, Research, 1908, xvii, 433. 
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seem to indicate that this may not be true. The investigations of 
Vaughan and Wheeler** appear to show that the sensitizing and intoxi- 
cating substances are both parts of the same protein molecule, distinct 
chemically, but each possessing the specific properties of the parent 
molecule. 

The respiratory center in the brain seems to be specifically attacked 
in the toxic action of the serum in sensitized animals. The heart con- 
tinues to beat long after respiration has stopped. 

It is scarcely necessary to insist on the significance of these investi- 
gations as bearing on the serum reactions observed in man. In cases of 
serum reaction which follow a secondary injection of horse serum, the 
primary injection having been given several days or longer previously, 
the analogy with the reaction in guinea-pigs which have been similarly 
treated is complete. As in guinea-pigs, so in man, this hypersusceptibil- 
ity lasts a long time. Whether the usual so-called “normal reactions” 
which are observed to follow a primary injection of horse serum in man 
are to be explained by assuming a previous sensitization or by the de- 
velopment of a hypersensitiveness after the injection, the serum still 
remaining in the system after this has developed acting to produce the 
symptoms of intoxication, is not evident. Instances in which a primary 
injection of antitoxic serum in man is immediately or very soon fol- 
lowed by death or by symptoms which may be very severe correspond in 
all essential phenomena with what occurs in sensitized guinea-pigs on 
the secondary injection. We are ignorant as to the manner in which 
such individuals are rendered hypersusceptible. Most of them are adults, 
and many have been subject to asthma. When we remember that the 
sensitization in experimental animals is not entirely specific, and that 
it can be produced through foods introduced in the usual manner, we 
may not be far wrong in assuming that man, being an omniverous ani- 
mal, may become hypersensitive through various protein substances 
taken as food. 

Rosenau and Anderson have repeatedly said, “It seems plain that 
the serums which do not produce untoward symptoms when injected 
into man are quite as toxic on sensitized guinea-pigs as the serums whicl) 
have been followed by serious symptoms when injected into man. We 
believe the difference lies in the susceptibility of the individual and not 
in the toxicity of the serum.” And, again, “We are still unable to ac- 
count for the ways in which man may be sensitized to a foreign pro- 
tein. It seems perfectly plain, however, that man may be so sensitized.” 


24. Vaughan and Wheeler: Jour. Infect. Dis., 1907, iv, 476. 
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Since in guinea-pigs the hypersusceptibility is transmitted through 
the mother to the young, we may infer that this may also occur in man, 
although we have no data on this point. 

It is unsafe to conclude that the phenomena obtained in an animal 
would be duplicated in another animal or in man under similar condi- 
tions. It is known that rabbits react in a different manner from guinea- 
pigs when treated by injection with horse serum. It is to be expected 
that in man much variation would be observed as compared to these 
animals which live a simple life for a comparatively short time, and are 


fed on quite limited varieties of foods. 


PROGNOSIS IN SERUM REACTIONS 

For some time after the introduction of antitoxin in the treatment 
of diphtheria there was much active opposition from various sources to 
its use. Against its use were urged certain fatalities which followed 
soon after the serum was injected. Many of the objections were founded 
on unfavorable results following the use of insufficient doses. With the 
use of larger doses of antitoxin contained in serums of higher antitoxic 
value, the pronounced beneficial action of the serum in the individual 
case, and the enormous saving of lives by a reduction of the mortality 
in diphtheria by 50 per cent. or more, soon quieted all opposition to the 
use of antitoxin among persons qualified to judge. The tendency now 
appeared to ascribe all fatalities in individuals who had received injec- 
tions of antitoxic serums to the disease for which it was administered, 
and in most instances this position has been shown by subsequent ex- 
perience to have been correct. With a wide use of antitoxin for im- 
munizing purposes, however, fatal reactions in previously healthy indi- 
viduals began to be reported from various sources. We now know that 
fatal results occasionally follow primary injections of horse serum. In 
persons who have been rendered hypersensitive by injections some time 
previously, we know that a secondary injection may give rise to violent 
reactions which in all likelihood may even lead to fatal results in rare 
instances. Aside from these individuals who have been rendered hyper- 
susceptible by a previous injection of serum or in some manner of which 
we are still ignorant, there is no fear of a fatal result from the use of 
serum injections. It is possible that the disturbances associated with 
the serum reaction in a patient already near the limit of resistance may 
turn the balance toward the unfavorable side. During the past two years 
I have been on the watch for such instances, but with one exception, 
and that not entirely clear, I have not observed a single case. So far 


as I am able to learn, no case of death has oecurred in the diphtheria 
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wards of Cook County Hospital during the fifteen years since diph- 
theria antitoxin has been in use which could be ascribed to the serum 
injected. During this time approximately 3,200 diphtheria patients have 
been treated, 1,700 having been observed during the last four vears. 
During the past four years immunizing injections of 1,000 units have 
been given to about 2,000 children with searlet fever and measles, and 
in these relatively few serum reactions were observed, and in no case was 
the reaction sufficiently severe to cause the least apprehension. 

If certain precautions which I shall mention later are observed, the 
danger incident to the use of therapeutic horse serum is reduced to 
almost an infinitesimal degree. 


PRECAUTIONS TO BE TAKEN TO AVOID INTOXICATION BY THERAPEUTIA 
SERUMS IN MAN 

A. The required amount of antibodies should be administered in as 
small a quantity of serum as possible. This will reduce the number and 
severity of reactions following primary injections. 

B. Except in urgent cases, a small quantity of serum (0.5 ¢.c.) 
should be injected at the initial dose, waiting a few hours before giv- 
ing more. This will allow the immediate reaction which sometimes fol- 
lowe a primary injection to develop and the limited amount of serum 
will reduce its severity. After recovery from this reaction more serum 
can be given with impunity. 

C. In all persons who have had serum previously, and in those in 
whom this possibility can not be certainly excluded, a smal] dose of 0.5 
«ec. should first be given as indicated above. 

D. It is important to give all the serum required in a case as rapidly 


as possible, so as to avoid injections after hypersensibility has developed. 


E. Precautions should be taken to avoid injection directly into the 
circulation. If a glass syringe is used and gentle traction made on the 


piston after the insertion of the needle, entrance of blood through the 


needle would indicate the puncture of a vein and would demand _ the 


reinsertion of the needle at another point. It is well known that a given 
volume of serum injected directly into the circulation is much mor 
toxic than the same quantity injected subcutaneously. 

F. Extreme precautions are to be taken in the use of therapeutic 
serums in persons who have been the subjects of asthma, hay fever. 
urticarias, etc. In such persons the initial dose should be very small 
and every means should be at hand to combat immediately any untoward 


results. 
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TREATMENT OF THE PATIENT DURING THE ATTACK OF SERUM REACTION 

The administration of calcium salts during the reaction is rational 
with the purpose of combating the edema. That they have any direct 
effect in preventing the reaction there is little evidence. In our observa- 
tion they do not do so. The itching accompanying the urticarias may 
be much relieved by antipruritic lotions and powders. When there is 
much swelling of the mucous membranes of the throat, adrenalin solu- 
tion has given some relief. The extreme restlessness and irritability 
present in the severe cases may require sedatives. In view of cardiac 
disturbances sometimes observed during the reaction, with dizziness and 
faintness on rising, it would seem safer to keep all these patients in bed 
during the attack. If collapse follows the administration of serum, the 
treatment follows the direction indicated in conditions of collapse and 
shock in general. Hypodermic injections of diffusible stimulants, the 
administration of physiologic salt solution, etc., are to be employed. In 
the very severe reactions which occasionally almost immediately follow 
the injection of serum, and in which respiration fails before the heart, 
artificial respiration is to be resorted to in addition to the other meas- 
ures. 

By placing sensitized guinea-pigs under ether anesthesia before 
injecting the secondary dose of serum intracerebrally, Besredka** pre- 
vented the reaction otherwise following the injection, and such pigs were 
subsequently immune. Rosenau and Anderson*® were unable to confirm 
these observations. In cases of asthma in which the administration of 
serum is very urgent, as in an asthmatic child with diphtheria, it would 
at least be worth while to consider whether the serum might not best 
be given after placing the patient under profound ether anesthesia. 


THE BEARING OF RARE ACCIDENTS FOLLOWING THE INJECTION OF THERA- 
PEUTIC SERUMS ON THE ATTITUDE OF PRACTITIONERS 
TOWARD THEIR USE 

In this connection Lewis has very well said, “In attempting to deter- 
mine whether a given serum treatment is or is not dangerous, evidently 
each species of animal must be separately considered. It is almost need- 
less to point out that the data accumulated since 1893 on the accidents 
incident to the therapeutic use of horse serum, its uncomfortable 
sequele and its great benefits are of much more value as a guide for 
future practice than conclusions drawn from complex experiments on 


25. Besredka: Ann. de l’Inst. Pasteur, 1907, xxi, 957. 
26. Rosenau and Anderson: Bull. 45, Hyg. Lab. U. S. P. H. and M.-H. S., 
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the laboratory animals. It would be a most unfortunate presentation of 
laboratory results on anaphylaxis which should lend itself to even a tem- 
porary or slight reaction against a therapy which has so thoroughly 
justified itself in the case of some diseases and which offers such pos- 
sibilities for the future in the case of others.” 

It is impossible to secure comprehensive data bearing on the total 
fatalities which have followed injections of horse serum. In 1906 Rose- 
nau and Anderson had collected reports of 19 such cases from the 
literature, and stated that they knew personally of several others which 
had not been reported. Gillette has recently collected reports of 15 fata! 
cases, 5 of which had been previously reported. It is likely that there 
were some of these cases among the ones referred to by Rosenau and 
Anderson. Of the 15 cases, reports of which were collected by Gillette, 9 
occurred in persons with a distinct history of asthma, and in several the 
antitoxin was administered with the hope that the horse serum would 
influence the asthma favorably. It would probably be within the bounds 
of accuracy to estimate that not over 50 cases of death from therapeutic 
serums had occurred throughout the world in the past fifteen years. 
When we place by the side of this the fact that many thousands of lives 
have each year been saved by diphtheria antitoxin alone, the smal] num- 
ber of deaths appear insignificant. If we place the reduction in mor- 
tality in diphtheria since antitoxin was introduced at the low figure of 
50 per cent. during this time in Chicago alone, approximately 160 
times as many lives were saved as were lost from the use of serum injec- 
tions throughout the world. In a single year the lives saved in Cook 
County Hospital by the use of diphtheria antitoxin, which would other- 
wise have been sacrificed, may very safely be said to be ten times as 
great as the total deaths from serums throughout the world in fifteen 
years. The saving of lives in this one hospital in one month frequently 
more than counterbalances the entire worldwide loss of life from the 
use of serum in fifteen years. 

With such facts before us, there can be no question that when diph- 
theria is present it is the duty of the physician to urge the use of anti- 
toxin in every case. 

It is only in the prophylactic use of antitoxin that we may raise any 
question as to limitation of use. Since diphtheria patients treated by 
means of antitoxin at the beginning of the disease always recover. it is 


open to question whether persons exposed to diphtheria should be in- 
jected with antitoxin for protective purposes only, if they are so situated 
as to be watched for the early symptoms of the disease. In adults, in 
whom danger from the serum is greatest, this practice is most question- 
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able. In the case of children, in whom the danger is the least, and 
almost ni/, where they are closely associated in institutions and where 
they can not be properly watched for early signs of the disease, any 
slight danger from the serum must be disregarded. The protective dose 
is also undesirable because it may sensitize the individual to future 
doses. 

In persons to be injected with serum a history of asthma, hay fever, 
ete.. is to be sought, and if such is obtained the patient or parents should 
be informed of the possible danger in such cases, and no injection of 
serum should be given without strong indications. The injection of 
herse serwn for its curative effect on asthma is to be discouraged. This 
has been urged by Dr. Gillette. 

The injection of 1 to 3 e.c. of blood serum from a sensitized guinea- 
pig into a normal guinea-pig renders the latter also hypersusceptible, 
so that if it is given, after twenty-four to forty-eight hours, an intra- 
peritoneal injection of 5 ¢.c. of normal horse serum, symptoms of ana- 
phylaxis develop. The blood serum of the sensitized pig is said to con- 
tain anaphylactin which is transferred to the other animal in the in- 
jected serum. Rosenau and Anderson have shown that the blood serum 
of men who have been sensitized by injections of horse serum also con- 
tains anaphylactin, which can be demonstrated by the guinea-pig tesi. 

In rare instances this test, as suggested by Otto, may be of value in 
deciding whether a person can be given horse serum with safety. So far 
as | am aware no tests of this sort have been made to determine whether 


the blood serum of asthmatics contain demonstrable anaphylactin. 


CONCLUSIONS 

1. The terms “serum disease” and “serum reaction” are preferable 
to other expressions which have been used in speaking of the symptoms 
provoked by injections of alien serums. The reaction is dependent on 
the proteins of the serum and bears no relation to the antitoxin or other 
antibodies contained in the serum. In general, the serum of one species 
of animal is toxic when injected into an animal of another species. 

2 The occurrence of a serum reaction after the injection of anti- 
diphtheria horse serum is determined in part by the susceptibility of the 
individual and the toxie properties of the particular serum adminis- 
tered, but in largest measure by the total quantity of serum employed 
Precipitated serum calls forth reactions in about the same proportion of 
cases as does whole serum in corresponding bulk, 

3. The interval between the injection and the appearance of the 


reaction varies from a few minutes to three weeks or more, ‘The major- 
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ity of reactions appear before the eleventh day. The length of incubation 
is independent of the number of injections and the quantity of serum. 

$. When a primary injection, after an interval] of ten days or more, 
is followed by a secondary one, the subsequent reaction is apt to be in 
tensified and to occur after a shorter incubation period, 

5. Serum reactions following secondary injections correspond to thy 
phenomena of anaphylaxis in experimented animals which may be pro 
voked by various serums and also by many other substances of a protein 
nature. 

6. While the administration of antidiphtheria horse serum is usually 
devoid of danger, in rare instances persons who have been rendered 
hypersensitive by previous injections or in some hitherto unknown man- 
ner may be made alarmingly ill and may even die as the result of such 
injections, 

7. Certain precautions should be observed in the injection of horse 
serum. Where there is a history of asthma, ete., the possible danger 
should be distinetly stated before serum is administered. For the pro- 
tection of other members of the profession who may meet similar ex- 
periences, all fatal cases should be reported, 

8. The rare occurrence of unfavorable results from the use of anti 
diphtheria serum should not deter the physician from urging its ad- 


ministration in every case of diphtheria. 
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DISEASES OF THE OPTIC NERVE AS AN EARLY OR 
EARLIEST SYMPTOM OF MULTIPLE SCLEROSIS* 


ALFRED GORDON, M.D. 
PHILADELPHIA 


The involvement of the optic nerves in multiple sclerosis is not an 
infrequent phenomenon. Charcot and Oppenheim consider it even fre- 
quent. Uhthoff observed it in at least half of the cases. Kampherstein 
found it in 70 per cent. Marx? found changes in the optic nerve six 
times in sixteen cases. Consequently changes in the heads of the optic 
nerves during the course of multiple sclerosis are a well-known occur- 
rence. 

Far more important is the occurrence of optic nerve disturbances as 
an early symptom or as the earliest manifestation of multiple sclerosis. 
Their recognition is extremely important from a prognostic standpoint. 
A statistical study of the subject shows that changes of the optic nerve 
or nerves may precede the onset of other symptoms of insular sclerosis 
for a period of between ten years and six months. Oppenheim observed 
one case in which optic neuritis and subsequent atrophy was the only 
symptom for twenty years. Bruns and Stoélting, according to Schley,’ 
in twenty cases found it thirteen times as the only symptom. 

In the last seven years fifty-six cases of multiple sclerosis have come 
under my observation in the clinics of various hospitals and in private 
practice. They all presented the cardinal classical symptoms of the affec- 
tion. Their number could be augmented, but, as there were cases which, 
although this diagnosis was probable, nevertheless presented symptoms 
referable to other organic nervous diseases, I have excluded them from 
my series. The fifty-six cases presented clinically nystagmus, staccato 
speech, intention tremor, exaggerated patellar and Achilles tendon re- 
flexes on one or both sides; some of them also presented a history of 
apoplectiform seizures and vertigo. Twenty-three patients showed 
changes in the optic nerves. Of these twenty-three I exclude five cases, 
in which the optic neuritis and atrophy were the earliest or the only 
sign of the disease; I will discuss them later. Eighteen, therefore, pre- 
sented changes in the papillae, together with other symptoms of multiple 
sclerosis. In how many of these cases the changes in the optic nerves 


“Read before the Philadelphia Neurological Society, Jan. 22, 1909. 
1. Arch. f. Augenh., 1907, lix, 28. 
2. Berl. klin. Wehnschr., 1908, p. 1724. 


ALFRED GORDON 515 


developed first, I am unable to say, as they came under my observation 
when the entire symptom-group was present. A close questioning, how- 
ever, revealed the fact that some indefinite disturbance of sight in one ev: 
first attracted the attention of eight of these eighteen patients. It is 
possible that in the eight cases the phenomenon under discussion was 
the earliest symptom, but, as they came under my care late, I am unable 
either to confirm or deny the statement. For the sake of accuracy I shal! 
not consider them in my study. In my series, therefore, optic nerve 
changes occurred in more than 41 per cent. of the cases. 

As to the changes themselves, the eighteen cases presented the follow- 
ing at the time of the examination: Optic atrophy was present in eleven 
cases, in eight of which it was unilateral (on the left), in two more 
marked in the left eye than in the right and in one bilateral and equal. 
In the last three the optic atrophy always began on one side, but was 
rapidly followed by the involvement of the other eye. In the eight 
cases with unilateral involvement the condition remained confined to 
the same side for a long time, but finally the other eye became involved. 
In the remaining seven cases of the series retrobulbar neuritis was pres- 
ent at the beginning for a period of from two to five months and optic 
atrophy developed later. 

Vision in all the eighteen cases was at first very much impaired. 
Scotomata were present, more on one side than on the other. In the 
eleven cases with unilateral optic atrophy scotomata were conspicuous on 
both sides. The central vision was preserved in the majority of the eight- 
een cases. The acuity of vision was not in direct proportion to th 
involvement of the optic nerves. 

The chief interest of the subject lies in the optic nerve changes as a 
very early or as the only symptom of multiple sclerosis. I have had 
five such cases during the last seven years. Three of them I had th« 
good fortune to observe from the beginning and to notice the gradual 
development of the physical signs of the affection long after the eve 
symptoms made their appearance. For four years in one case, two and 
one-half years in the other and six months in the third case optic atrophy 
remained practically the only symptom, and great hesitation was experi- 
enced in forming an opinion as to the prognosis. In the fourth and 
fifth cases the prognosis is still more difficult, as the other symptoms of 
multiple sclerosis are practically absent. 

Briefly, the histories of the five cases are as follows: 


Case 1.—A man, laborer, aged 39, noticed a gradually increasing dimness of 
vision in the left eve. At the same time he would have attacks of vertigo. At 
the end of a month almost complete blindness developed in the same eye. He 
then came under my observation. An incomplete optic atrophy was found in the 
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left eye and slight atrophic changes were present in the right eye. The peripheral 
left visual field was contracted, while the right was preserved. Central scotomata 
were present in both eyes. For the four subsequent years these were the only 
signs of the disease and no other symptom pointing to multiple sclerosis could be 
revealed. At the end of that time the patient contracted pneumonia, from which 
he made a prompt recovery, Shortly afterward the classical symptoms of insular 
-clerosis one by one developed. 

Case 2.—A man, aged 34, clerk in a bank, free from a specific or alcoholic 
history, was taken, without any apparent cause, with a gradually oncoming blind- 
ness of the left eye. A month later he also noticed some disturbance of sight in 
the right eye. An ophthalmoscopic examination revealed partial optic atrophy 
in both eyes, more in the left than in the right. The vision was almost nil in 
the left eve and somewhat impaired in the right. The central vision of the right 
eye was intact and the peripheral visual field was irregularly contracted. More- 
ever, he presented a dyschromatopsia for the yellow. The external recti of both 
eyes were in a state of paresis. The condition remained, except for slight vari- 
ation, practically intact for a period of two and one-half years, at the end cf 
which time the symptoms of multiple sclerosis began to develop. The patient 
atlirms that he accidentally fell off a banister, was stunned, and in about a week 
a tremor appeared only on voluntary movement. The examination showed a 
typical picture of multiple sclerosis. 

Case 3.—A man of 31, laborer, free from intoxications and venereal infec- 
tions, subsequently to a fall from a step-ladder began at the end of six days to 
complain of poor vision in the left eye. The condition gradually increased and 
at the end of one month he could see only objects on his left. At the same time 
he would see spots before his right eye. At the time of examination, two months 
after the onset, he presented a left retrobulbar neuritis, but no involvement of 
the optic nerve on the right. The vision was very poor on the left and objects 
could be perceived with the left eye only when placed externally; the rest of the 
left visual field was blind. In the right there were several scotomata irregularly 
distributed. Not a single physical sign of an organic disease of the nervous sys- 
tem was discoverable. The condition remained unchanged for the following 
month, signs of a progressive optic atrophy were found in the left eye and a 
retrobulbar neuritis in the right eye. Two months later a complete left and in- 
complete right optic atrophy, with increasing failure of vision in the right eye, 
were noticed. At the same time the patient began to have attacks of vertigo. 
Six months after the onset of the eve disturbances appeared nystagmus, scanning 
speech and intention tremor; also increased patellar tendon reflexes. The picture 
of multiple sclerosis was complete. 

Case 4.—History—A man of 28, bookkeeper by occupation, noticed about 
three and one-half years ago a gradually oncoming drooping of the left upper 
evelid, double vision, difficulty in discriminating letters, peculiar dryness of the 
left eyeball, and weakened vision in the left eve, which kept on increasing until 
almost complete blindness ensued five months later. At the same time there were 
dizziness and headache; the latter was confined to the left side of the head. 
About three months later weakness of vision developed in the right eye, whieh 
was also progressive, but did not terminate in marked blindness. The condition 
remained unchanged until late in November, 1908. During that interval there 
was no return of headache or dizziness, At this time the patient began to suffer 
from paroxysmal attacks of vertigo, also from attacks of unconsciousness. He 
was picked up on the street on several occasions and taken to various hospitals. 
His memory became impaired and at times he would become confused for a day 
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Exvamination.—This shows inability to see with either eye on the temporal 
sides; on the nasal sides there are a few scotomata in both eves. He therefore 
has a bitemporal hemianopsia. The pupils react to light and accommodation. 
Test for Wernicke’s pupil in both eyes is negative. The eyegrounds show a very 
marked optic atrophy on the left and less marked on the right. The left upper 
eyelid droops only at times. Nystagmus is absent. The examination for other 
physical signs is negative, except perhaps a slight ataxia of the upper extremities. 
There is no disturbance of speech, no intention tremor, no changes in the re 
flexes, no involvement of sphincters. 

Diagnosis.—In making a diagnosis, cerebral neoplasm, cerebral syphilis, tabes, 
multiple sclerosis and chronic intoxication have been considered. The absence of 
vomiting and headache for almost three years, the apparently unaltered condition 
of the eyes, the absence of localizing signs—all these are against a neoplasm. 
Cerebral syphilis, I believe also, can not be accepted in view of the absence of 
headache, of disappearing and reappearing symptoms, and of mental disturbances 
for three whole years. The normal patellar tendon and Achilles tendon reflexes, 
the absence of sphincter disturbances, of sensory disturbances, of ataxia, of 
Argyll-Robertson pupil—all these factors militate against the diagnosis of tabes, 
Intoxications with alcohol and tobacco, lead, arsenic and carbon minoxid may 
give place to an optic neuritis with subsequent atrophy, also to contraction of 
the visual fields; but the eyeground changes are usually bilateral from the very 
beginning. Besides, the history shows that the patient was not subject to any of 
these intoxications. He would only occasionally drink a glass of beer and smoked 
cigarettes very moderately. Moreover, the blindness came many months before 
he began to use beer. For the reason of the gradual and successive invasion of 
the eyes and unconsciousness from which he suffers now, I believe the patient is 
in the early stage of multiple sclerosis. 

Case 5.—History.—A young man of 32, salesman by occupation, noticed about 
seven years ago that his vision began to fail in one eye and only a few months 
later in the other. A careful investigation shows that he had at that time a 
double optic neuritis, more marked on one side than on the other. The disturbed 
vision gradually increased, but during the last two or three years it remained 
practically unaltered. 

Examination.—At present (January, 1909) the vision is fair only for outlines 
of objects, but details can not be distinguished by the patient. The eyegrounds, 
according to Dr. Oliver, who has kindly referred the case to me, show double 
optic atrophy. The pupils react to light, but not very promptly. The ocular 
muscles functionate normally. During six years the patient has not presented 
any other disturbance; he has been in perfect health. Apart from the eyes there 
are only two physical symptoms to which attention may be called, exaggerated 
patellar tendon reflexes, and a slight intention tremor of the left hand. How 
long these two symptoms have been in existence I am unable to say, as it is only 
very recently that the patient came first under my observation. 

Diagnosis.—At all events, if the case is one of multiple sclerosis—and I be- 
lieve it is—the eye ground changes are the most conspicuous, and there are only 
two other physical signs of the disease, which, however, are very slight. It is 
therefore again with a very early or earliest involvement of the optic nerves that 
we are dealing here. The only obstacle, from a diagnostic standpoint, is the his- 
tory of a slight erosion on the penis nine years ago, coincident with gonorrhea. 
Whether the erosion was specific or not, it is impossible to say; but the man 
never had any other evidence of syphilitic infection and during seven years has 
not suffered from headache or from sphincter disturbances or any other disorder 
that we are accustomed to meet in cerebrospinal syphilis. His health has been 
perfect. The patient has always been free from intoxications and infections of 
any nature. By exclusion, the diagnosis of multiple sclerosis becomes inevitable. 
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The five cases just related are almost identical as to their eye symp- 
toms. In the first three the involvement of the optic nerves with dis- 
turbance of vision appeared first, and many months later the classical 
symptoms of multiple sclerosis began to develop. In the fourth case, 
if it is one of multiple sclerosis, the eye symptoms are the only sign of 
the disease. Three and one-half years have elapsed since visual dis- 
turbances made their first appearance. So far the islets of sclerosis are 
confined to the cerebrum. In Oppenheim’s case the eve symptoms 
existed twenty years before the typical symptoms of multiple sclerosis 
entered the scene. In the fifth case, in addition to the optic atrophy 
which had been in existence seven years, there are only two physical 
symptoms of multiple sclerosis. 

The question of prognosis in cases with early evidences of optic nerve 
involvement is of paramount importance, especially when the eye symp- 
toms alone are present. A careful and minute examination for physical 
signs, a close investigation as to intoxications, and a carefully conducted 
differential diagnosis will determine the prognosis. The simultaneous 
or early bilaterality of changes in the eye grounds are in favor of intoxi- 
cations, while unilaterality or successive invasion, particularly at a more 
or less long interval, are in favor of multiple sclerosis. Scotomata or 
contraction of visual fields are not a different criterion, as they may be 
encountered in many conditions. A concentric contractiou of the visual 
fields, frequent in hysteria, is, however, very rare in multiple sclerosis. 
Bitemporal hemianopsia (in the fourth case) is a rare occurrence in 
multiple sclerosis. 

Cases of multiple sclerosis with symptoms of intracranial pressure 
have been observed and verified at autopsy, but these symptoms are by 
far less conspicuous in this affection than in cerebral neoplasms. 
Ophthalmoscopically the following changes are observed, according to 
Uhthoff. Either the papille are completely atrophied and discolored or 
the discoloration is incomplete and the most external portions are the 
most discolored; instead of atrophy there may be an optic neuritis with 


hyperemia and dilated vessels. 
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ANAPHYLAXIS* 


JOHN F. ANDERSON anv M. J. ROSENAL 
WASHINGTON, D. C. 


Anaphylaxis (ana, against, and phylar, guard, or phylaris, protec- 
tion), also called hypersusceptibility, supersensitiveness, is a condition 
of unusual or exaggerated susceptibility of the organism to foreign 
substances. The word “anaphylaxis” was introduced by Richet to de- 
scribe a contrary condition to prophylaxis. As we now regard the phe- 
nomenon, the word is a misnomer, for we look upon the condition of 
hypersusceptibility as a distinct benefit and advantage to the organism. 
In fact, protection against a large class of infections depends on an 
altered power of reaction, ¢. e., hypersusceptibility or anaphylaxis. 

This state may be congenital or acquired, and is specific in nature. 
The condition of anaphylaxis may be brought about by the introduc- 
tion of any strange protein into the body. Hvypersusceptibility to pro- 
teins that are non-poisonous in themselves may readily be induced in 
certain animals. 

An animal may be in a condition of hypersusceptibility and im- 
munity at the same time. The two conditions are closely interwoven ; 
the latter is often dependent on the former. Von Pirquet advises that 
the term “immunity” be limited to indicate the condition of complete 
resistance in which no clinical reaction occurs, when poisons such 
as diphtheria, tetanus, etc., are introduced into the organism. He 
suggests the term “allergie” to indicate conditions of acquired im- 
munity associated with anaphylaxis. 

In the case of vaccinia the reaction to a primary “take” appears 
after an incubation period of four days. In a secondary vaccination 
the period of incubation is shortened and the clinical reaction lessened. 
In other words, the power of the organism to react has changed. This 
increased power of immediate reaction protects the individual. There 
is no absolute immunity in this class of diseases; the prophylaxis de- 
pends on the anaphylaxis. 

Allergie then, as the word indicates (al/os. change, and ergon ac- 
tion), is an altered power of the organism to react. When this power 
of reaction is increased we say that the body is hypersensitive or in a 
state of anaphylaxis. 


‘Lecture delivered before the Harvey Society, December 5, 1908. 
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The tuberculin and mallein reactions are well-known instances of 
anaphylaxis. These substances are not poisonous when introduced in- 
to a healthy individual, but the tuberculous individual is anaphylactic 
to tuberculin, and an individual suffering with glanders is in a state 
of hypersusceptibility to mallein. 

A clinical instance of anaphylaxis is the hypersusceptibility of 
some individuals to pollen—hay fever. The best studied instance of 
experimental anaphylaxis is that produced in the guinea-pig by the in- 
jection of a foreign protein; for example, horse serum, egg-white, bilk, 
ete. Especial study has been made of the anaphylactic action of the 
blood serum of the horse, partly because that serum is so much used 
in serum therapy. 

It has long been known that the blood of certain animals is poi- 
sonous when transfused or injected into certain other species. Many 
instances might be cited showing that the blood serum of an animal 
of one species has poisonous properties when injected into an animal 
of another species. But the blood serum of the horse apparently lacks 
such poisonous action. Very large quantities of the blood serum of 
the horse may be injected into man, rabbits, guinea-pigs, and many 
other animals without serious inconvenience except occasionally a slight 
reaction at the site of inoculation. 

In a certain proportion of cases the injection of horse serum into 
man is followed by urticarial eruptions, joint pains, fever, swelling 
of the lymph nodes, edema, and albuminuria. This reaction, which 
appears after an incubation period of eight to thirteen days, has been 
termed by Von Pirquet and Schick the “serum disease.” 

In exceptional cases, sudden death has followed an injection of 
horse serum in man. 

We have shown that ordinarily horse serum is a comparatively 
bland and harmless substance when injected into certain animals; but 
these animals may be rendered so svsceptible that an injection of horse 
serum may produce death or severe symptoms. For example, large 
quantities of horse serum may be injected subcutaneously, into the 
peritoneal cavity, into the brain, or directly into the circulation of a 
guinea-pig without apparently causing the animal the least inconven- 
ience. If, however, a guinea-pig be injected with a small quantity, 
say 0.004 c.c., of horse serum and, after the expiration of a certain in- 
terval, again injected with horse serum the result will probably be 
fatal. The first injection of horse serum has sensitized the animal in 
such a way as to render it very susceptible to a second injection of 


horse serum. 
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A certain time must elapse between the first and the second in- 
jections before the animal becomes susceptible to a second injection. 
This period of incubation is from seven to twelve days, and corresponds 
suggestively with the period of incubation of the serum disease, which 
von Pirquet and Schick place at eight to thirteen days. 

Guinea-pigs may be sensitized with exceedingly small quantities 
of horse serum. In most of our work we used quantities less than 0.004 
c.c., and we found in one instance that 0.000.001 @.c. of horse serum 
was sufficient to render a guinea-pig susceptible. 

Wells has recently shown that guinea-pigs may be sensitized with 
0.000,000,05 of a gram of egg albumin freed from the other proteins 
of egg-white. 

It also requires very smal] quantities of horse serum, when given in 
a second injection, to produce poisonous symptoms. One-tenth of a 
cubic centimeter injected into the peritoneal cavity is sometimes suffi- 
cient to cause death; 0.1 ¢.c. subcutaneously may cause symptoms, while 
much smaller amounts given into the brain or directly into the cireu- 
lation may be fatal. 

At first we thought that diphtheria antitoxin had some relation to 
this phenomenon ; we are now able to state positively that it has nothing 
whatever to do with the poisonous effects of horse serum; further, 
that diphtheria antitoxin in itself is absolutely harmless. The toxie 
action which we have studied is caused by a protein in normal horse 
serum and is entirely independent of the antitoxie properties of the 
serum. 

REVIEW OF LITERATURE 

Early in the last century Magendie** found that rabbits which 
had tolerated two intravenous injections of egg albumin without any 
ill effects immediately succumbed to a further injection made after 
a number of days. Later, workers with precipitins have frequently 
found that some of their animals died suddenly during the course of 
treatment from no apparent cause, while what really happened was 
that they were in a state of anaphylaxis to the foreign proteid. Other 
analogous instances may be found scattered throughout the early liter- 
ature. 

In 1888 Arloing’ expressed the opinion that pathogenic micro- 
organisms secrete soluble substances which influence the organism in 
such a way that at a later infection they succumb more quickly. The 
organism is robbed of its natural protecting bodies through the first 
process. Arloing evidently had in mind that the power of reaction 


of an organism could be changed. 
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In 1891 Courmont®® studied this question with reference to the 
tubercle bacillus and the subject was further pursued by the Lyons 
School with staphylococci, streptococci, B. pyocyaneus, and other baec- 
teria. 

Brieger,”” in 1895, immunized a goat to a high degree against tet- 
anus. The blood and milk of this animal contained large quantitie= 
of antitoxin. The animal, however, died of tetanus. 

Knorr,” in 1895, studied this unexpected phenomenon more close- 
ly and found that guinea-pigs developed an increasing sensitiveness to 
tetanus toxin after repeated sublethal doses. 

Uhlenhuth,'** in 1897, worked on the relative toxicity of blood 
serum in health and disease. He found that intravenous injection in- 
to rabbits was not reliable and therefore used subcutaneous injections 
into guinea-pigs. He found that the normal sterile blood serum of 
man, sheep, hog, rabbit and cattle even in small doses (about 0.5 ¢.c.) 
produced infiltration in guinea-pigs when injected subcutaneously and 
necroses when given in large quantities. Twenty c.c. of these serums 
(10 to 15 of cattle serum) is sufficient to cause the death of guinea- 
pigs. Normal horse serum is not toxic, even in large doses (20 c.c.) ; 
at most it only produces slight infiltrations which are rapidly absorbed, 

Hericourt and Richet,™? in 1898, in studying the effects of eel serum 
on dogs, found that they were not able to immunize them against the 
serum, but that on the contrary there was an increasing sensibility to it, 
so that finally the dogs died. 

Courmont.” in 1900, found that a guinea-pig might support an 
intraperitoneal injection of a pleuritic effusion of about one-fifteenth 
its weight (30 e.c. for a 400-gram guinea-pig), without fatal effect, 
whereas doses very much smaller (several c.c.) given in repeated in- 
jections under the skin or into the peritoneum caused edema and death. 

Von Behring and Kitashima,'™ in 1901, repeating some of Knorr’s 
work, found a similar instance in a horse immunized against diphtheria. 
This curious phenomenon, sometimes seen with bacterial toxins, was 
called hypersusceptibility and was spoken of as a paradoxical reaction. 
Von Behring and Kitashima then made their experiments on guinea- 
pigs. Von Behring looked on the hypersusceptibility as purely histo- 
genetic, 

Portier and Richet.“ in 1902, found that if dogs were given a very 
small dose of a glycerin extract from the tentacles of actinia, and then 
in fifteen or twenty days given a second small dose, the animals quickly 
succumbed. The dose given was so small as to cause no symptoms in 


a normal animal. They proposed the word “anaphylaxis” to indicate 


hvpersensitiveness to a poison. 
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Arthus,” in 1903, studied the effeet of repeated injections of horse 
serum on rabbits and found that if a rabbit were given repeated in- 
jections of horse serum at some days’ interval it caused, even in small 
doses, results which, according to the number of the previous injec- 
tions and methods of injection, were local or general, benign or grave. 

Von Pirquet.’* in the end of 1902, noticed that the svmptoms fol- 
lowing a second injection of horse serum in a child occurred on the 
same day and concluded therefrom that the current views on the period 
of incubation must be wrong. He believed that the organism must be 
changed through the production of antibodies and that the incuba- 
tion period was the terminus of the production of these antibodies. 

Von Pirquet and Schick,’**-"** in 1903, stated that an organism 
treated with a foreign serum was distinctly changed from one that had 
not been so treated. They believed that the strange serum did not 
work directly on the organism, but that there must be a reaction pro- 
duct or antibody. At the second injection the reaction might occur at 
once. This they called the “immediate” reaction. When the period 
of incubation was shortened they called it “accelerated” reaction. Von 
Pirquet and Schick found a number of analogies between these phe- 
nomena and the incubation periods of certain diseases, and mention 
specifically vaccination and the tuberculin reaction. Hypersusceptibil- 
ity was shown in the case of injection with horse serum as well as 


tuberculin in those sensitized with tuberculosis. 


1904 

Wolff-Eisner.’7* toward the end of 1904, worked on the question of 
hypersusceptibility in the sense of Pfeiffer’s endotoxins. From. this 
starting point he handled the subject broadly and published his views. 
He studied the lysis of pigeon’s blood corpuscles and human spermato- 
zoa after the first and second injections into the peritoneal cavity of a 
guinea-pig. He observed that guinea-pigs always succumbed at sub- 
sequent injections. He explained this phenomenon on the ground that 
poisonous substances or endotoxins contained within the cells are freed 
when the cell membrane is dissolved. This solution is produced through 
a lvsin formed by the previous treatment. 

Detre-Deutsch,* in 1904, studied the question why persons with 
syphilis do not show, on secondary inoculation, a primary lesion. He 
carried out experiments on guinea-pigs by reinfecting them with tuber- 
culosis and showed the difference between the course of the first and 


the second injection, which he called “superinfection.” Ilis explana- 
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tion of the acute action of the second injection coincides with Koch’s 


addition theory of the tuberculin reaction. 


1905 

Richet,"’* in studying two poisons (congestine and thalassin) ex- 
tracted from actinia, found that if a very small dose, which caused 
practically no symptoms in a dog, was followed after twenty-two days 
by another small dose the animal became very sick or quickly died. 
He found that not only did his animals remain anaphylactic for a long 
time, but that it was necessary that a certain time elapse between the 
first and the second injections for the development of this increased 
susceptibility to the foreign protein. He further states that anaphylaxis 
is a new phenomenon which has never before been named or described, 
and that it is of the same order as that produced by the injection of 
tuberculin in an animal suffering from tuberculosis. 

Von Pirquet and Schick,"*° in a monograph on the serum disease, 
describe in detail this syndrome which sometimes follows injections of 
horse serum in man. They show that the symptoms of this disease 
when caused by a second injection may either appear at once (the im- 
mediate reaction) or after a shortened period of incubation (the ac- 
celerated reaction). From these clinical observations von Pirquet and 
Schick draw original and far-reaching conclusions. They show the 
relation of these clinical observations to the phenomenon of hypersus- 
ceptibility, and indicate the importance of these facts in general path- 
ology. They draw attention to the analogy to the tuberculin reaction 
as a well-known instance of hypersusceptibilitvy. Von Pirquet and 
Schick believe that the serum reactions give a possible explanation of 
the period of incubation of infectious diseases and finally conclude that 
the immunity caused by vaccinia and a group of infections is due to 
the power of immediate reaction acquired by the organism. 

During Ehrlich’s visit to America in 1904, Theobald Smith told 
him that guinea-pigs which had been used in testing the potency of 
diphtheria antitoxin became acutely sick or died from a subcutaneous 
injection several weeks later of several cubic centimeters of normal 
horse serum. Ehrlich gave the problem to Otto’, who worked out 
many essential features of the phenomenon, to which he gave the name 
of the “Theobald Smith phenomenon.” 

Otto showed what is now well known to be the result of a second 
injection of horse serum into guinea-pigs. He demonstrated that the 


diphtheria poisons played no part in the phenomenon. He found, how- 
ever, that guinea-pigs first treated with mixtures of diphtheria toxin 
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and serum were more susceptible than those treated with serum alone. 
Otto showed further that immunity to the poisonous action of the 
serum injection might be acquired by repeated injections of large 
amounts of serum at short intervals. He demonstrates that this hyper- 
susceptibility bears no relation to the specific precipitins. Finally, he 
discusses the relation of the Theobald Smith phenomenon to the cases 
of reinjection in man and cites instances of alarming symptoms follow- 
ing the second injection of antitoxic horse serum. 

Pfeiffer’’* confirmed Uhlenhuth’s observations that certain sera, 
for example hog and sheep serum, caused gangrene of the skin and 
subcutaneous tissue when injected into a guinea-pig. On the other 
hand, the serum of horses and rabbits caused practically no reaction. 
Pfeiffer demonstrates that through repeated injections of normal serum 
it is possible to immunize the animals against this necrotic action 
and also that the serum of immunized animals is able to protect ani- 
mals of the same species. He further confirms Uhlenhuth’s explanation 
of the phenomenon by assuming that the serums contain a haptin in 
the sense of Ehrlich’s side-chain theory. He believes the necrotic action 
to depend on and to be identical with hemolysis. 


1906 


Rosenau and Anderson give the results of their studies, witli 
special- relation to anaphylaxis in guinea-pigs. They show that a 
single injection of horse serum is harmless for normal animals. Horse 
serum is, however, poisonous to a guinea-pig which has previously been 
injected with horse serum. The period of incubation was determined 
to be about ten days. The poisonous principle appears to act on the 
respiratory centers. The heart continues to beat after respiration 
ceases. It is shown that the toxic action of horse serum bears no rela- 
tion to diphtheria. The poison is not toxin. Diphtheria antitoxin 
plays no part in this poisonous action and in itself is harmless. The 
effects of chemical, physical and electrical influences on the toxic and 
sensitizing principle are considered. It is shown that guinea-pigs re- 
main susceptible a very long time and that very small quantities (in 
one instance 0.000,001 ¢.c.) of horse serum are sufficient to rende: 
guinea-pigs susceptible. 

It is shown that an active immunity against the toxic action of 
horse serum may readily be established by repeated injections of horse 
serum at short intervals into a guinea-pig. Rosenau and Anderson did 


not succeed in transferring this immunity in the blood serum or body 


juices to another guinea-pig. It therefore appears that the immune 
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body, if one exist, against the toxic action of horse serum is not free 
in the blood or body juices. 

It is shown experimentally that the guinea-pig may be sensitized 
by feeding with horse serum or with horse meat. 

It is further shown that susceptibility to the toxic action of horse 
serum is transmitted from the mother guinea-pig to her young. 

The specific nature of the phenomenon is shown. The opinion is 
expressed that the substance which sensitizes the animal is identical 
with that which later poisons it. The substance must, however, first 
cause a reaction in the organism, resulting in the production of anti- 
bodies. How man may be sensitized is considered in relation to the 
cases of collapse and sudden death following the injection of horse 
serum. 

Anderson,**** found that female guinea-pigs could transmit to 
the same offspring hypersusceptibility to horse serum and immunity 
to diphtheria toxin. This fact, Anderson states, is of great importance 
in testing antitoxic serums and necessitates care in the selection of 
breeders for guinea-pigs to be used in serum work. 

Vaughan’®® advanced the theory that the first injection of the 
strange proteid is broken up into components, one of which is toxic, 
but that the animal is not poisoned because this breaking up takes 
place slowly. The cells, however, learn from this lesson how to break 
up the complex molecule, so that when more of thy, strange proteid is 
introduced at the second injection it is violently rent asunder, quickly 
liberating large quantities of the toxic principle of the complex mole- 
cule, 

McClintock and King,”® as a result of their work, conclude that the 
sensitizing action of horse serum given by the mouth is not nearly so 
great as when given subcutaneously or intraperitoneally. 

Remlinger™® found, in experiments on dogs, rabbits and guinea- 
pigs, an entire absence of anaphylaxis. 

In his first series of experiments, he gave his animals normal horse 
or sheep serum or antidiphtheric or antitetanic serum; one month later, 
they received from 5 to 20 ¢.c. of a mixture of equal parts of antirabie 
sheep serum and emulsion of fixed virus. 

In the second series of experiments, the animals were first treated 
with a mixture of fixed virus and antirabic sheep serum, and six or 
eight weeks later were given the serums above mentioned. None of 
the animals in either series showed any immediate symptoms, though 


two guinea-pigs and four rabbits died in five or six days. 
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These results, so contrary to all of the anaphylactic work, may be 
concerned, in part, with the question of specificity. 

Von Pirquet'*? explains the theoretical considerations of the accel- 
erated reactions with special reference to vaccinia. The different char- 
acters of the areolas and the papular reactions are described and the 
conclusion drawn that vaccination does not cause an absolute immunity, 
but changes the power of reaction of the organism in such a way that 
it reacts sooner. Thus, when the organism is reinfected the process 
comes to a conclusion in a short time. 

In a brief note von Pirquet’® suggests the name “allergie” (allos 
change, and ergon reaction) to indicate that condition of immunity 
achieved through an altered power of reaction. The close association 
between immunity and hypersusceptibility and the relation of these 
processes to the so-called endotoxins is discussed. Von Pirquet advises 
that the term “active immunity” should be limited to those conditions 
in which the introduction of a foreign substance into the organism 
causes no clinical reaction, that is, in which there is a complete lack 
of susceptibility. He discusses whether this is produced through alex- 
ins (natural immunity), through antitoxins (active or passive im- 
munity against diphtheria and tetanus), or whether it is caused through 
a form of adaptation. (Wassermann and Citron.) 

Von Pirquet'®* concludes that the accelerated reaction in vaccinia 
is a specific reaction between the virus of cowpox and an immune or 
allergic organism. The accelerated reaction depends quantitatively 
upon the .-: int of the virus that is introduced. From the theoretical 
standpoint .un Pirquet expresses the belief that the accelerated reac- 
tion is caused by the coming together of the vaccine virus with the 
antibodies in the allergic organism and that the precipitins are not 
concerned, 

1907 

Gay and Southard®* found in guinea-pigs dving from the second 
injection of serum and in those which had severe symptoms and were 
later chloroformed, what they considered characteristic lesions. Con- 
siderable hemorrhages, rather definitely localized, are the characteristic 
gross lesion. The hemorrhages may be in one or several organs, gastric 
hemorrhages being especially frequent. Microscopically, there are in 
addition to the naked-eye hemorrhages, minute, interstitial and oozing 
hemorrhages. They also claimed to have found fatty changes in vol- 
untary muscle fiber, heart muscle fibers, and in nerve fibers. 

Their explanation of serum anaphylaxis in the guinea-pig is sub- 
stantially as follows: There is a substance in horse serum (anaphy 


| 

| 


528 INAPHYLANXIS 


lactin) which is not absorbed by the guinea-pig tissue, is not neutra- 
lized, and is eliminated with great slowness from the body. When a 
guinea-pig is injected with a small amount of horse serum the greater 
part of its elements are quickly eliminated; the anaphylactin remains 
and acts as a constant irritant to the body cells, so that their activity 
for the other elements of horse serum is greatly increased. At the end 
of two weeks of constant stimulation by the anaphylactin a condition 
is arrived at in which, if the cells are suddenly presented with a large 
amount of horse serum they are overwhelmed in the exercise of their 
increased assimilating functions, and functional equilibrium is so dis- 
turbed that local or general death may occur. 


105 


In a second paper Otto'’® demonstrated that guinea-pigs might be 
sensitized by injecting them with the blood serum of sensitized guinea- 
pigs, and further brought out the important point that guinea-pigs 
sensitized by such a transfer reacted within twenty-four hours. He 
believes that the first injection results in a weakening or depressing 
of the portions (“rests”) of the antigens which are in the body and 
thus an apparent hypersusceptibility results. The duration of this 
hypersusceptibility depends on the amount of serum injected the first 
time. 

Besredka and Steinhardt** studied with much care certain features 
of hypersusceptibility to horse serum in guinea-pigs; they note that 
the French serums are much less toxic than those used by Otto in 
Frankfurt and the serums used by Rosenau and Anderson. Besredka 
and Steinhardt had a mortality of about 25 per cent. when 5 c.c. of 
serum were given intraperitoneally at the second injection, whereas 
death was the rule in our experiments under similar conditions. Most 
of their work was done with doses of 0.05 to 0.25 ¢.c., given directly 
into the brain, which either killed or caused grave symptoms in sus- 
ceptible guinea-pigs. Besredka and Steinhardt lay stress on the pro- 
duction of “antianaphylaxis,” which we termed “immunity.” They 
found that a single injection of serum, given into the peritoneum of a 
sensitized guinea-pig, quickly conferred immunity to a subsequent in- 
jection of 0.25 c.c. into the brain; in one case the antianaphylaxis was 
present one and a half hours after the injection into the abdominal 
cavity. They were unable to demonstrate any protective properties in 
various organs of immune guinea-pigs. 

Besredka and Steinhardt** found that guinea-pigs could be put in 
a state of antianaphylaxis by the injection of horse serum into the 


brain as well as into the peritoneal cavity. They consider it a phe- 


nomenon of the same order as the disintoxication in vitro of the tet- 
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anized brain by antitetanic serum. They found that guinea-pigs could 
not be sensitized by intracerebral injection. 

They think that their results seem to indicate that the phenomena 
of anaphylaxis and antianaphylaxis are similar to the precipating and 
absorbing actions which govern the relation of colloids among them- 
selves. 

Besredka’® concludes that the toxicity of therapeutic serums may 
be measured by means of intracerebral injections into sensitized guinea- 
pigs. Measured in this way, different serums show a wide range of 
toxicity, the fatal dose varying from 1/4 to 1/128 c.c. This toxicity 
resides in the serum and not in the cellular elements. 

The serums of horses living under apparently the same conditions 
have about the same toxicity; individual variations are rare and of 
littie importance. The difference in the toxicity of serums appears to 
be due, in the first place, to their origin; and, in the second place, to 
their age. Serums are hypertoxic on the day of bleeding, and grad- 
ually lose their toxicity. This loss, rapid at first, becomes gradual 
after the tenth day. All therapeutic serums should be considered toxic 
within two months of bleeding. In a general way, all serums that ex- 
cite grave anaphylactic phenomena in doses of 0.0625 to 0.05 c.c., and 
a fortiori, above this amount, should be considered toxic. 

Besredka finally states that the technic and dosage by the intra- 
cerebral method is rapid, simple, and not expensive. 

Besredka,’® in a preliminary note, states that serum heated to 100 
C. has lost all of its toxicity for sensitive guinea-pigs, but still pos- 
sesses some vaccinating properties; while serum heated to even 120 C, 
is still sensitizing. He believes there are two substances in horse 
serum: (a) the sensthilisinogéne, which is thermostabile and gives birth 
to the sensibilisine, which creates the anaphylactic state; (b) the 
antisensibilisine, which is thermolabile and, being an antibody, com- 
bines with the sensibilisine when the two come in contact. It is the 
sudden union of these two at the nucleus of the nerve cell which causes 
the symptoms of anaphylaxis, especially marked when the second in- 
jection is given into the brain. 

Besredka’® considers that there may be two ways in which the toxi¢ 
property of serum for sensitive guinea-pigs can be altered. These are 
directly on the serum, and indirectly on the animal itself. Of all the 
various direct means, such as chemical, physical or biologic, only heating 
the serum to high temperature is of avail. The toxie property is pro- 


a 


gressively decreased by heating from 76°C. until at 100°C. it disappears. 


He also finds that the immunizing power of the heated serum follows 
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the same curve as the toxic property. The repeated heating of the 
serum three or four times at lower temperatures, such as 50°C, or 60°C. 
diminishes the toxic property three or four times. 

As indirect means, he cites the use of serum as a preventive meas- 
ure, cither during the preanaphylactic period or after the period of 
incubation. He states that ether narcosis prevents the appearance of 
anaphylactic symptoms, but that neither morphin nor extract of opium 
has any influence on the appearance of the symptoms. 

In a further contribution to the subject Rosenau and Anderson'*®?* 
studied particularly the relation of anaphylaxis to immunity. They 
express the opinion that profound chemical changes, perhaps in the 
central nervous system, are probably produced by the first injection of 
a strange protein. Many details concerning the sensitizing and toxie 
principle were studied. In addition to extending and confirming their 
work on the specific nature of the phenomenon they made further ob- 
servations on the relation of various physical influences and chemical 
substances on the reaction. Among other things they brought out the 
fact that proteids extracted from the bacterial cells and injected into 
guinea-pigs produced, on the second injection, the same train of symp- 
toms as in the ease of serum anaphylaxis. It was found that in cer- 
tain instances the hypersusceptibility manifesting itself from injections 
of these bacterial extracts left the animal immune to the corresponding 
infection. 

Rosenau and Anderson'*? later demonstrated the specific nature of 
anaphylaxis by showing that guinea-pigs may be in a condition of 
anaphylaxis to three protein substances at the same time. For in- 
stance, a guinea-pig may be sensitized with egg-white, milk, and horse 
serum and subsequently react in a brief period of time to a second 
injection of each one of these substances. It may be sensitized by 
giving these strange proteins either at the same or at different times, 
in the same or in different places, or by injecting them separately or 
mixed. The guinea-pig differentiates each anaphylactic-producing pro- 
tein in a perfectly distinct and separate manner. The animal acts as 
though susceptible to three separate infectious diseases. The conclu- 
sion is therefore drawn that the phenomenon of anaphylaxis is specific 
and the belief expressed that the work indicates that chemical changes 
rather than morphologic alterations lie at the basis of this phenomenon. 

Von Pirquet'** again clearly defines his conception of allergie and 


points out that a complete immunity does not exist. For example, in 
revaccination there is an immediate though slight clinical reaction and 
it is on this condition of hypersusceptibility that immunity depends. 
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The convenience and advantages of the cutaneous vaccination for study- 
ing the problem and for diagnosis, especially in tuberculosis and other 
infectious diseases, are discussed. 

Von Pirquet’s'® admirable clinical studies on vaccination and vac- 
cinal allergie are fully described by him in a brochure published in 
1907. The clinical side of primary vaccinations are first considered 
and then the clinical side of secondary vaccinations are pictured and 
discussed. He gives a clear picture of accelerated reaction in all its 
details largely by the use of curves and tables. Finally, von Pirquet’s 
conception of allergie in relation to the early vaccinal reactions is ex- 
plained. The theories of hypersusceptibility are fully discussed and 
their relation to the phenomenon of vaccination are considered. Von 
Pirquet concludes in part that these vaccinal characteristics were more 
or less known by the old vaccination physicians but, up to now, have 
been forgotten. 

The new points discovered by von Pirquet are especially the mor- 
phological, the early reaction and the method of presenting them in 
curves. The observation that the normal time of reaction is gradually 
changed to the “immediate” reaction in secondary vaccinations is also 
new. Von Pirquet further brings forward his conception of the cach- 
ectic reaction and the differentiation between the papular and the 


areolar reactions. He insists on the presence of antibodies which lie 


at the foundation of accelerated reaction. An analysis of the local 
symptoms is divided into two processes: one, the growth of the in- 
fective principle; and second, the production of antibodies in the or- 
ganism which explains the accelerated area-reaction. 

Richet'*? gives a general review of the subject of anaphylaxis and 
also some very interesting work on anaphylaxis produced by a sub- 
stance obtained from the Mytilus edulis. He found that the blood of 
a dog sensitized by this substance, when injected into an untreated 
dog, sensitized the animal two days later to an injection of the extract. 

He thinks that anaphylaxis is due to the presence of a toxicogenic 
substance, non-toxic of itself, but producing a poison by reaction with 
the second injection of the extract. In support of this view, he states 
that a mixture of the serum of a sensitized dog and of the extract 
in vitro is more toxie than the extract alone. 

Richet'** reports further experiments on the production of anaphy- 
laxis with an extract prepared from a mussel. (Mytilus edulis.) 


The experiments were made on dogs, especial study being made of 


the production of vomiting in the anaphylactic animal. 
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Vaughan and Wheeler’®*? summarize their work to date on the 
poisonous and non-poisonous portions obtained by splitting proteins. 
They believe the poisonous group to be an essential constituent of all 
the protein molecules. It is the chemical nucleus and is regarded as a 
protein body the chemical structure of which remains unknown. It 
owes its poisonous action to the avidity with which it combines with 
certain groups in the molecules that constitute the cells of the respir- 
atory center. The protein molecules of bacteria may thus be broken 
up, sensitizing the body. The poisonous group, when set free, induces 
the symptoms of disease and death. Protein susceptibility and immu- 
nity are different manifestations of one and the same process; both 
depend on the development in the animal body of a specific proteolytic 
ferment. They believe the non-poisonous portion of split proteins to 
be the immunizing or sensitizing haptophore. The sensitization re- 
sults in the development of a specific proteolytic ferment. These re- 
actions are specific. The development of a specific zymogen results 
from an alteration in the atomic arrangement within the protein mole- 
cules. Vaughan and Wheeler give a complete bibliography of the work 
of Vaughan and his pupils on this subject. 

Currie®® studied the effect of repeated injections of horse serum in 
persons admitted for treatment in the Glasgow Fever and Smallpox 
Hospital at Belvidere. He concludes that it is apparent from the facts 
detailed by him that repeated injections of horse serum induce symp- 
toms of supersensitization in man, but it is also apparent that the same 
facts lend no countenance to the suggestion that the death of persons 
suffering from diphtheria is to be apprehended as the result of re- 
peated injections of antidiphtheria serum. 

Goodall gives observations on ninety patients who had received 
two injections of horse serum; of these, 43.4 per cent. gave either an 
immediate or accelerated reaction. 

Nicolle’®’ found that guinea-pigs were not susceptible to the necrot- 
ic action induced by repeated injections of horse serum, as is the case 
in rabbits. He also found that daily injections or “spaced” injections, 
after the method of Arthus, did not induce a high degree of hyper- 
sensibility ir oa-pigs. 

Bienenfeld* has studied the leucocytes in the serum disease, and 
comes to the conclusion that the injection of large quantities of serum 
has a twofold effect on the number of leucocytes. Immediately follow- 
ing there is a leucopenia, and following this a leucoeytosis. The bibliog- 
raphy contains fifty-two references to the literature on this phase of 


the subject alone. 
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Friedemann and Isaacs** report experiments on the metabolism of 
proteins introduced into the organism, through channels other than 
the gastrointestinal tract. The relation to immunity and _ hypersus- 
ceptibility is discussed. Experiments on dogs and goats on nitrogen 
elimination, after the injection of homologous and heterologous se- 
rums, are considered. It is shown that dogs given intravenous injec- 
tions of 40, 80, or 200 c.c. of egg-white soon die with characteristic 
symptoms including great muscular weakness and paralysis of respira- 
tion. 

Heilner** considers the effect of large amounts of foreign blood 
serums introduced into the body by the mouth or subcutaneously. He 
concludes that the introduction of such foreign serums, and also per- 
haps other proteins, into the circulation calls forth a certain effort 
which ordinarily is not present and, further, reports the fact that 
rabbits are able to withstand, without apparent harm, a single injec- 
tion of very great quantities of foreign serums—as much as one-eighth 
of the body weight. 

While studying the subject of anaphylaxis in Rio de Janeiro, Vas- 
concellos’*® found that the guinea-pigs used in Rio, when given a 
sensitizing dose and, after the usual time, given a second injection, 
did not show any grave symptoms. He tested the Rio guinea-pigs 
with the Rio serum as well as with the serum from the Pasteur Insti- 
tute at Paris, and from Merck’s and obtained similar results in each 
case. 

In order to see whether this failure of the Rio guinea-pigs to show 
the reaction of hypersensibility was due to the race of the guinea-pigs, 
he obtained guinea-pigs from Argentina and found them very sus- 
ceptible. 

He considers that the race of the guinea-pigs plays a considerable 
role in the reaction to a second injection of horse serum. 

Weil-Halle and Lemaire'** prepared an antiserum by injecting horse 
serum into rabbits and bled the animals when the horse serum as such 
has disappeared from the blood. Untreated guinea-pigs and rabbits 
were injected with varying amounts of this antiserum, under the skin 
of one thigh, and at the same time, with varving amounts of horse 
serum, under the skin of the opposite thigh. They found that vary- 
ing with the proportion of the two serums injected, anaphylactic svymp- 
toms were produced, either local or general. When local symptoms 
were produced, they were always at the site of the injection of the 
antiserum. They believed that the intensity of the reaction seemed 


to depend on the relation between the quantities of the two serums; 
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when the quantities approach unity the lesions are more local; when 
they are wide apart, the general symptoms are more common. 

Remlinger,''* having found in previous experiments that he was 
unable to produce anaphylaxis in dogs, rabbits and guinea-pigs Sv 
the use of rabic virus and sheep serum, endeavored to determine 
whether this was peculiar to those substances, and if the same results 
would be obtained with antidiphtheria and antitetanus serums. With 
these serums, by repeated injections, he obtained no reaction in dogs. 
In rabbits and guinea-pigs, he obtained the local reactions and only 
exceptionally the general reactions. 

When guinea-pigs and rabbits were given an injection of a mixture 
of serum and toxin and later injected with normal horse serum, some 
of the guinea-pigs showed symptoms. 

Kinyoun™* found that guinea-pigs sensitive to horse serum did not 
react if they were injected with the blood of a horse which had re- 
ceived several injections of human blood; but that the serum of a horse 
which had been rendered hemolytic for human red cells, was more toxic 
than normal serum. 

He states that the toxic action is modified by the amount of the 
sensitizing dose so that the susceptibility is decreased as the amount of 
serum given at the first injection is increased until one-tenth of the 
body weight is reached, when they do not respond at all. 

He also found that guinea-pigs which had been sensitized with 
serum did not react to milk. 

1908. 


Lewis** considers that the incubation period of the hypersensitive 
reaction is not sharply limited, but that there is a progressive increase 
in sensitiveness from the sixth day, possibly before that, extending over 
a period of several weeks. 

He confirmed our results as to the transmission of the hypersensi- 
tive reaction from mother to young, but found that all of the voung 
of sensitive mothers were not equally sensitive. He considered that 
the anaphylactic state depended on the development of a special anti- 
body during the incubation period, which may be transferred passively 
to an untreated animal. There is also in the serum of hypersensitive 
guinea-pigs an uneliminated horse serum element or “rest” which is 
distinct from the antibody. This antibody may be entirely neutralized 
by the gradual introduction in twenty-four hours of increasing doses 
of serum. 

Lewis,’ in his second paper, reports studies chiefly on the hyper- 


susceptibility of young guinea-pigs, born of treated mothers. He found 
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that when the defibrinated blood of such young guinea-pigs was inject- 
ed into untreated guinea-pigs, they were rendered hypersensitive to an 
injection of serum within a few hours, but if the injection of horse 
serum was delayed until after the incubation period, they failed to 
react. He discusses in some detail the mechanism of anaphylaxis, 
holding to the view that the sensitizing injection results in the forma- 
tion of an antibody. 

He also reports some work with a serum which had caused severe 
symptoms in a man about thirty minutes after injection. He did not 
find this serum materially different in toxicity from the various nor- 
mal serums when tested on sensitive guinea-pigs. 

$v purifying horse serum with ether and then precipitating with 


ammonium sulphate, Gay and Southard®? found that, after several 
precipitations, the last fraction was as highly toxic as horse serum, but 
distinctly less sensitizing than either whole horse serum or the first 
fraction. The first fraction, obtained by one-third saturation with 
ammonium sulphate (euglobulins), is as highly sensitizing as whole 
horse serum: it is analogous to anaphylactin and apparently a purely 
sensitizing substance without admixture of the toxic elements of horse 
serum. This euglobulin is absolutely non-toxic for sensitive animals. 
Repeated large doses not only cause no refractory phase but shorten 
the period of incubation. It sensitizes normal animals in a few days 
(four or five). : 

Gay and Southard®® state that increased susceptibility in sensi- 
tized animals is due to the continued presence in the circulation of an 
unneutralized element of horse serum (anaphylactin), which acts as 
an irritant or stimulant to the body cells and in some way causes them 
to assimilate over-rapidly certain other elements of horse serum. They 
believe that anaphylactin is not an antibody to horse serum, but some 
retained substance. They also express the belief that the intoxication 
of animals by horse serum is not due to a toxic substance formed of 
antibodies plus antigen and that moreover the reaction of intoxication 
takes place, not in the circulation of the animal, but in the prepared 
cell. 

Gay and Southard®® emphasize the point that a sensitive animal 
intoxicated with a large dose of serum and recovering passes thereby 
into a refractory state (antianaphylaxis), and by the same mechanism 
again becomes sensitive to the toxic effects of horse serum. 


Gay and Southard" state that animals sensitized with either egg- 
white or milk will react more or less characteristically to horse serum. 
After sensitization with egg-white guinea-pigs will react faintly to 
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milk; after sensitization to milk they will react slightly to egg-white. 
They conclude from this that anaphylaxis is only relatively specific. 

Gay and Southard** found macroscopic hemorrhages in one or 
more organs in 85 per cent. of the guinea-pigs which either died of a 
second dose of horse serum or were killed within twenty-four hours 
after the second injection. The cause of death, when it occurs, is 
respiratory. Respiration ceases in the inspiratory phase and shows 
itself anatomically and histologically as emphysema. The most strik- 
ing functional feature is severe diaphragmatic spasm. The application 
of horse serum to the exposed vagus of a sensitive guinea-pig pro- 
duces severe respiratory symptoms. Gay and Southard regard the 
changes in the respiratory centers as a physical rather than as a 
chemical nature. They state that neither hemorrhage nor respiratory 
death is an indispensable feature of this disease. All guinea-pigs so 
far examined show fatty changes in many regions involving single 
muscle fibers or other cells. 

Rosenau and Anderson*® '* report the results of further studies on 
anaphylaxis. It is shown that the period of incubation is about seven 
days in guinea-pigs sensitized in the brain and about nine days 
in guinea-pigs sensitized subcutaneously. It also appears that the 
sensitization comes on somewhat gradually. The period of incubation 
is quite constant and is not appreciably prolonged by a large sen- 
sitizing dose. Sensitized guinea-pigs probably remain sensitive through- 
out the rest of their lives, at least 752 days. 

The effect of heat and chemical substances is again studied in rela- 
tion to the sensitizing and toxic principles in horse serum. The spe- 
cifie nature of anaphylaxis is further shown by various experiments. 
Three separate anaphylactins have been demonstrated in the blood of 
a guinea-pig. It is shown that the substance known as anaphylactin 
is not present during the period of incubation: and may be demon- 
strated in the blood serum of immune guinea-pigs. Congestion and 
hemorrhages are sometimes found in guinea-pigs dead of anaphylaxis. 
Fatty lesions were not discovered. These morphologic alterations, it 
elieved, do not explain the mechanism of anaphylaxis. 

It is shown that horse serum used in cases followed by sudden death 
in man is no more toxie for guinea-pigs than antitoxic horse serum 
used extensively in human therapy without untoward symptoms. The 
belief is expressed that it is not the special toxicity of the horse serum, 
but the sensitization of the patient. which accounts for the collapse 


or sudden death sometimes following the injection of horse serum. 


The essential lesion in serum anaphylaxis is probably localized in 
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the respiratory center, and the association of asthma with hypersus- 
ceptibility to horse serum must be considered in the use of antitoxin. 
A relation between the toxemias of pregnancy and anaphylaxis is sug- 
gested. 

It is shown by Rosenau and Anderson*®® that guinea-pigs can not 
be sensitized with guinea-pig fetal blood. Female guinea-pigs, how- 
ever, may be sensitized with placental extract. After an interval of 
twenty-two days or longer they show symptoms of protein anaphylaxis 
when given a second injection of guinea-pig placental extract. It 
therefore seems that the mother guinea-pig may be sensitized with the 
autolytie products of her own placenta. These experiments suggest 
that there may be a certain relation between some cases of puerperal 
eclampsia and the phenomenon in the guinea-pig. 

Besredka*® confirmed the results reported by Rosenau and Ander- 
son, that guinea-pigs are easily sensitized to a second injection of milk. 
He found that they responded markedly to a second injection when 
given into the brain, and that guinea-pigs which had been injected 
with other substances than milk at the first injection, supported with- 
out ill effects an intracerebral injection of 0.25 c.c. of milk, thus show- 
ing the specificity of the reaction. 

He found that when milk had undergone the lactie acid fermenta- 
tion, the curd contained the sensitizing, as well as the toxic properties 
of the milk, while the whey (petit lait), even when given into the 
brain, failed to cause symptoms in a sensitive guinea-pig. 

sesredka*! refers to his preliminary note on the same subject in 
which he brings forth his ideas as to the presence in normal serum of 
the two substances, sensibilisinogéne and antisensibilisine and the prop- 
erties and action of the two. 

In his later article, he gives the details of his experiments on which 
he bases his conclusions. He believes, as stated in his first paper on 
the same subject, that it is the combination of the sensibilisine and 
the antisensibilisine in the nucleus of the nerve cells that produce the 
anaphylactic shock. This shock may be lessened either by large doses 


by small repeated doses after 


given during the period of incubation, or 
the period of incubation, so that this unien of the sensihilisine and 
antisensibilisine takes place more slowly. 

The shock may also be lessened by rendering the nerve cells in- 
different to this brusque union, as by ether narcosis. Antianaphylaxis 
is due to a desensitization, followed by a return of the guinea-pig te 


a normal state. If the antianaphvlaxis is not definite, following a 


large injection of the serum, it is because the surplus of sensibil’sino- 
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gene, Which remains after the elimination of the antisensibilisine, is 
capable of resensitizing the animal. 

Wells*** suggests that the toxic effect of a second dose of protein 
injected into an animal that has been sensitized by an injection of the 
same protein two weeks or more previously, may be dependent on the 
aromatic radicals of the protein. 

Wells'** in a most interesting article takes up a study of the chem- 
istry of the substances involved in anaphylaxis and the chemistry of 
the reaction itself. The major portion of his work was with pure egg- 
albumin, purified by repeated crystallization. He found that this pure 
egg-albumin would sensitize guinea-pigs in doses of one-twenty-mil- 
lionth of a gram; fatally, in doses of one-millionth of a gram. The 
minimum fatal dose for sensitized guinea-pigs, given intraperitone- 
ally, was about 0.5 milligram, and about 0.1 to 0.05 milligram when 
injected into the circulation. As so small a quantity, 0.1 milligram, 
of pure egg-albumin is fatal for sensitized guinea-pigs, he thought it 
improbable that the injected protein itself could cause death by split- 
ting up and liberating poisonous substance in the space of time in 
which the reaction occurs. He thought that the minuteness of the 
minimum sensitizing and intoxicating doses of pure egg-albumin 
seemed to indicate conclusively that, at least with this protein, both 
the sensitizing and intoxicating agents were one and the same kind 
of protein molecule, or else two different proteins of the same molecule. 

He found that milk did not lose its sensitizing and intoxicating 
power when heated to 100 degrees for thirty minutes, and inclined to 
the belief that this might be due to the fact that the caseinogen of 
milk is not coagulated by boiling. 

Iodization of serum and pure egg-albumin did not alter the spe- 
cificity of the reaction when these substances were used on guinea-pigs. 

Nicolle, Nicolle and Pozerski and Nicolle and Abt published three 
articles early in 1908 which may be reviewed together.*°*? We can not 
here follow these authors fully in detail and must satisfy ourselves 
with citing the principal points. The facts of protein hypersuscepti- 
bility are explained as follows: 

The substance injected contains a toxic element which is set free 
by specific antibodies in the hypersusceptible animal. Hypersuscepti- 
bility may be produced by developing this antibody, to which the auth- 
ors give the general name of lysin; thus, toxolysin, albuminolysin and 
They assume that a coagulation caused by another antibody 


cytolysin. 
This antibody is called the coagulin; thus, toxocoagulin, 


is necessary. 


albuminocoagulin, cytocoagulin. All the antigens produce antibodies 
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at the same time. Depending on their respective quantities, there is 
either hypersusceptibility or immunity. The order of events following 
a reaction’ would be: First, the fixation of the antibody by the anti- 
gen, then the coagulation of the antigen, then the slow and silent 
destruction by the lysin. 

These antibodies have not yet been demonstrated in vivo or in vitro; 
but the authors state that there is no reason why they may not exist 
as precipitins, acting only in vitro. 

Hypersusceptibility occurs when there is a rapid lysis of a suf- 
ficient quantity of antigen. On the other hand, immunity manifests 
itself when there is first coagulation of the antigen. The lysis then 
follows slowly, liberating a little of the poison at a time. The two 
phenomena may coexist. 

Otto’ gives a comprehensive review of the work on anaphylaxis 
and the serum disease to date. He discusses the historical develop- 
ment of the subject,—the serum disease in man, experimental anaphy- 
laxis especially in guinea-pigs, and concludes with an admirable review 
of the theories which have thus far been brought forward to explain 
hypersusceptibilitvy. The bibliography contains seventy references to 
the literature on the subject. 

Richet?** in studying the anaphylactic properties of actino-con- 
gestine, suggests as a rational theory that the injection of the actino- 
congestine causes at the end of about two weeks (period of incubation) 
the formation of a new substance, which he calls torogénine, which 
alone is harmless, but in the presence of the original poison becomes 
hypertoxic. 

In this article he gives some interesting details of experiments on 
dogs, in which, by injecting untreated dogs with the serum of treated 
dogs, he was able to render the untreated animals very susceptible to 
a first injection of actino-congestine. 

Hamman™ states that the views of Wolff-Eisner seem to fit best 
into what we at present know of the tuberculin reaction and, shorn 
of their technicality, are briefly this: Tuberculin, which really con- 
sists of ultramicroscopic portions of the tubercle bacillus, produces the 
same effects in the animal body as the tubercle bacilli, except that the 
latter are capable of multiplication. The local tuberculin reaction is 
caused by an accumulation of lvmphoid cells, and true giant cells are 
formed. The injection of living tubercle bacilli is followed by the 
development of hypersensitiveness the same as that which follows tu- 
berculin injections. As in typhoid and cholera, the immunity reac- 


tion in tubereulosis depends on the presence of lvsins. The tuberculin 
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reaction is not due to the tuberculin itself nor to the disintegration 
at the site of disease, but to a new toxie substance formed by the ac- 
tion of the lysins on the albuminous portion of the bacillary body. 
For this toxie substance to become active the organism must be in a 
condition of hypersensitiveness. There are, then, two factors to be 
considered; the presence of lysins and the condition of hypersuscepti- 
bility. The lysins may be artificially increased and are the bodies 
which deviate complement in Wassermann’s experiment. The hyper- 
sensitiveness varies under conditions of which we are still ignorant, 
but it, too, may to some extent be stimulated or blunted. Normally 
there is no lysin present, or so small an amount that when tuberculin 
is injected the transformation goes on so slowly that the newly formed 
toxin causes no appreciable effect. Under continuous minimal stimu- 
lation the quantity of lysin increases, and the transformation then oe- 
curs so rapidly that after injection intense toxic symptoms occur. ‘The 
toxin causes a local reaction at the site of injection, constitutional 
symptoms and an inflammatory reaction at the site of the tuberculous 
lesion. During the inoculation of small doses of tuberculin hyper- 
<ensitiveness is developed. Variation susceptibility to tubereulin 
in tuberculous subjects depends essentially on variation in’ hypersen- 
sitiveness, lysins probably heing present in all. 

Weil-Halle and Lemaire™® found that if untreated guinea-pigs were 
injected at the same time with 0.01 e.c. of horse serum and 4 c.c. of 
the serum of a rabbit, which had previously been given horse serum, 
many of the guinea-pigs died in from eight to fifteen days. If the 
rabbit was bled in less than ten days or after sixty days, no ill effect 
was caused by the injections. 

Remlinger'™® having noticed that the injection of one large dose or 
several repeated small doses of the nervous tissue of the brain of dif- 
ferent species produced in certain animals emaciation, cachexia and 
even death, endeavored to determine if this was due to an anaphylactic 
action of the nerve substance. 

He injected dogs at intervals of ten to fifteen days subcutaneously 
with nerve tissue from the rabbit; guinea-pigs, with rabbit nerve tis- 
<ue, and rabbits, with either rabbit, guinea-pig or dog nerve substance. 
After a variable number of injections, they were all tested by the in- 
tracerebral injections of the nerve substance of the same species used 
in the preliminary treatment. He never noticed the least morbid phe- 
nomenon, 

These results are open to the criticism that the use of several in- 


jections, especially in the guinea-pig, may have immunized the ani- 


mals to the test injection. 
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Grunbaum” reports some observations in eleven cases in) which 
antituberculosis serum had been administered. In no case did the 
second injection cause any uncomfortable effect: the fourth injection, 
in one case, was followed by an urticarial eruption; in another case, 
edema of the tongue and larynx followed two successive injections, and 
in a man thirty-one years of age, the twentieth injection was followed 
almost at once by cyanosis, vomiting, collapse and death in five min- 
utes. 

Grunbaum attributes these accidents to an individual suscepti- 
bility. 

Banzhaf and Famulener’* found that anaphylactic symptoms could 
not be prevented by ether narcosis, morphin sulphate or caleium chilo- 
rid. They found that if chloral hydrate was used to produce hypnosis 
in sensitive guinea-pigs, about 75 per cent. were completely protected 
against the injection intraperitoneally of 5 cc. of serum, while 90 
per cent. of the controls died. 

Pozerski''® found that repeated injection of papain into guinea- 
pigs, very much less than the minimum lethal dose, at intervals of 
four or five days, produced after the third, fourth or fifth injection an 
undoubted state of anaphylaxis with death, accompanied by the same 
postmortem appearances as found in death from a single large dose. 

Moro® assumes that the percutaneous reaction is a late reflex ; that 
is, an angioneurotie inflammation. This view is confirmed by the fact 
that the reaction occurs at other points of the body than where the 
tuberculin lanolin is applied. The cutaneous reaction is often sym- 
metric and suggests, according to Moro, hypersusceptibility of the 
sympathetic nervous system. 

Gillette™ reports sudden death in an asthmatic following the in- 
jection, five minutes previously, of 2,000 units of diphtheria antitoxin. 


The postmortem failed to shed any light on the case. 


SYMPTOMS CAUSED BY TIE INJECTION OF HORSE SERUM INTO A SENSI- 
MIZED GUINEA-PIG 

Very characteristic symptoms are produced by horse serum, either 
normal or antitoxie, when injected into a susceptible guinea-pig. The 
symptoms are apparently the same whether the injection is made sub- 
cutaneously or into the peritoneum, or whether normal or antitoxic 
serum is used. In five or ten minutes after injection the pig becomes 
restless and agitated; then manifests indications of peripheral irri- 
tation or respiratory embarrassment by scratching at the mouth, cough- 


ing, and sometimes by spasmodic, rapid or irregular breathing. This 
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stage of exhilaration is soon followed by one of paresis or complete 
paralysis. The pig is unable to stand, or, if it attempts to move, falls 
on its side; when taken up it is limp. Spasmodic, jerky, and convul- 
five movements now supervene, 

Pigs in this state with complete paralysis may fully recover; but 
usually convulsions appear, and are almost invariably forerunners of 
death. Symptoms appear in about ten minutes after the injection 
has been given; occasionally in pigs not very susceptible they are de- 
layed thirty to forty-five minutes. Only in one or two instances of 
the many hundred pigs which we have observed have the symptoms 
developed after one hour. Pigs developing symptoms as late as this 
are not very susceptible and do not die. The chain of symptoms is 
exceedingly characteristic. The symptoms do not always follow in 
the order given. Death usually occurs within an hour and frequently 
in less than thirty minutes. 

If the second injection be made directly into the brain the symp- 
toms are manifested with explosive violence, the animal frequently 
dying within two or three minutes. The same is also true if the sec- 
ond injection be made directly into the circulation. 

We took the temperature of a number of guinea-pigs twice daily 
for eighteen days following the injection of large quantities of horse 
serum subcutaneously, in order to determine whether a febrile reac- 
tion followed. No marked deviation from the normal temperature 
was noted. 

Normal horse serum, when injected into normal guinea-pigs, causes 
no symptoms. Large amounts, such as 6 or 10 ¢.c., may be injected 
into the peritoneal cavity of a guinea-pig without any apparent in- 
convenience to the animal. When normal horse serum is injected 
subcutaneously into the guinea-pig it is sometimes either absorbed 
very slowly or there is a slight local reaction, as indicated by edema 
and induration of the subeutaneous tissue at the site of inoculation. 


THE POISON ACTS ON THE RESPIRATORY CENTER 

Judging from the symptoms produced by the injection of horse 
serum into a susceptible guinea-pig we assumed that the poison acted 
on the central nervous system. Autopsies done immediately after the 
death of the guinea-pigs showed invariably that the heart continued to 
beat after respiration had ceased. In some instances the heart would 
continue to beat a fall hour when exposed. This would seem to indi- 
cate that we were dealing with a poison which caused death through 


the nervous control of the respiration, and experiments show that this 


effect is certainly not local. 
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PERIOD OF INCUBATION 

A certain time must elapse between the first and the second injee- 
tion of the foreign protein before the toxic action is manifest. This 
period of incubation is from seven to twelve days and corresponds 
suggestively with the period of incubation of the serum disease, which 
von Pirquet and Schick place at eight to thirteen days, and with the 
period of incubation of some of the infectious diseases. 

If a guinea-pig be given an injection of serum and then be in- 
jected again any time during the period of incubation no ill results 
follow. In other words, the animal has not had time to enter a state 
of anaphylaxis to the foreign protein. If, however, the injection be 
given after the seventh to the twelfth day the animal is then in a state 
of anaphylaxis or hypersusceptibility to the foreign protein. The ani- 
mal remains suspectible a very long time. The longest period which 
we have observed is 732 days between the first and the second injec- 
tion. There is no reason to doubt that guinea-pigs remain susceptible 
during their entire lives. 

We found that the period of incubation appeared about the seventh 
day in guinea-pigs sensitized in the brain and about the ninth day in 
guinea-pigs sensitized subcutaneously. So far as may be judged, it 
therefore appears that the period of incubation is somewhat shorter 
in guinea-pigs sensitized in the brain than in those sensitized subcu- 
taneously. It also seems quite evident that the sensitization comes on 
somewhat gradually. Judged by our results and the work of others 
the period of incubation is quite constant. 

Lewis states that the period of incubation is not to be considered 
as abruptly terminating at a given day. He savs that he has made an 
animal quite sick by the intracardial injection of 2 ¢.c. of serum on 
the sixth dav after the toxin-antitoxin mixture. We have obtained 
suggestive symptoms on the fourth and the fifth day. 

So far as may be judged from our work, the period of incubation 
is not appreciably prolonged by a large sensitizing dose. 


THE SENSITIZING SUBSTANCE 

We have suggested that the protein which sensitizes the guinea- 
pig is the same as that which later poisons it: profound changes are 
produced by the first injection. These changes localize themselves in 
the central nerve cells at the second injection. Our subsequent work 
has evolved nothing to alter this working hypothesis. 

Guinea-pigs may be sensitized by administering the foreign pro 
tein subcutaneously, intraperitoneally, intracerebrally, directly into the 


circulation, or by feeding. 
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We have shown that the filtrate from horse serum, after precipi- 
tation with ammonium sulphate, still possesses sensitizing powers in 
spite of the fact that this filtrate contains but little of the serum glob- 
ulin and is very weak in antitoxie value. 

Formaldehyd does not appear to modify the sensitizing property 
in horse serum, though it is capable of destroying the toxic properties 
of tetanus® and diphtheria toxins. 

From a limited number of experiments it seems that the sensitiz- 
ing principle is not dialyzable through a collodion sac when placed in 
the peritoneal cavity of a guinea-pig. 

The sensitizing principle is not affected by the various preserva- 
tives used for the preservation of antitoxie serum, by drying, by pre- 
cipitation with ammonium or magnesium sulphate, or by admixture 
with diphtheria or tetanus toxins. 

The removal of the spleen or the thyroid from the animal before 
or after receiving the sensitizing dose apparently has no effect on the 
development of anaphylaxis. 

We have found that the sensitizing principle of horse serum is 
vradually influenced by heat and almost entirely disappears when the 
liquid serum is heated to 100° C. for one hour. Pigs sensitized with 
smal] quantities of horse serum heated to 100° C. for one hour, when 
subsequently tested, develop very slight symptoms. 

Guinea-pigs may readily be sensitized by intracerebral injections, 
provided quantities of 0.0001 ¢.c. or more are used. We obtained nega- 
tive results with sensitizing doses of 0.00001 c.c. 

The blood serum or an emulsion of the brain substance of a sen- 
sitized guinea-pig, when mixed with horse serum, does not modify 
the sensitizing power of the horse serum. 

Some breeds of guinea-pigs appear to be more susceptible than oth- 
ers. The American guinea-pigs seem to be most susceptible, the Ger- 
man breeds not quite so much, and the French somewhat less, while 
the guinea-pigs tested by Vasconcellos in Rio de Janeiro scarcely re- 
spond at all. 

TOXIC PRINCIPLE 

At one time we made efforts to isolate the active principle in horse 
serum which causes the symptoms, but as soon as we realized that the 
toxie principle present in horse serum exerted its action in quantities 
so minute as to place it almost in the category with the ferments, we 
realized how difficult it would be, with the present technic, to isolate 
this substance. Nevertheless, we devoted much time and study to the 


relation of this toxie principle to various chemical, physical, and elee- 
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trical influences. The practical importance of eliminating this toxic 
principle from horse serum, or of neutralizing it, is at once evident. 

The toxic principle is not affected by various chemicals, such as 
calcium chlorid, sodium nitrate, magnesium sulphate, ammonium sul- 
phate and formaldehyd.* It is not affected by various ferments, al- 
kaloids and similar substances, such as ftakadiastase, pancreatin, ren- 
nin, myrosin, invertin, emulsin, pepsin in acid solution and in alkaline 
solution, ingluvin, malt, atropin, stryehnin, morphin and caffein. 

It is not affected by freezing at 15 degrees F., or by filtration 
through porcelain, drying, precipitation and dialysis, or exposure to 
the x-rays. 

We found it interesting to compare the toxie effects on sensitive 
animals of untreated antitoxie serum, and the precipitated refined 
antitoxin; bulk for bulk we found them equally toxic. But as the 
same number of units can be given in half the bulk there is a mani- 
fest advantage in using the precipitated serum, as the rashes and 
other untoward effects of serum depend to some extent on the volume 
of serum administered. 

The smallest amount of serum given intraperitoneally that we have 
found to cause the death of a guinea-pig is 0.1 ee. One hundredth 
of a cubie centimeter, when given directly into the heart, is sufficient 
to cause the death of the animal, while 0.25 c.c. given into the brain 
is almost invariably fatal. In most of our work, however, we have 
used 5 or 6 c.c. of serum intraperitoneally, and this seems to be the 
favorite dose of other workers. Certain) symptoms in guinea-pigs 
caused by a second injection of the serum suggested to us that the 
action might be due to hemolysis or the formation of precipitins. By 
a large number of experiments, however, we were able to exclude both 
hemolysis and the formation of precipitins as factors. 

Sensitized animals were given various chemicals the day before the 
second injection of serum. No influence on the anaphylactic state 
was obtained by these substances. The following were used: pancrea- 
tin, potassium oxalate, sodium sulphate, magnesium sulphate, peptone, 
calcium chlorid and calcium acetate. 

Obermayver and Pick find that when the aromatic radicals of a 
protein are combined with various substances the protein loses the 
power to produce precipitins of closely allied specificity for the original 
species. Their results suggest that the aromatic groups of the mole- 


cule are closely related to the species specificity. This indicates that 


the striking specificity of proteins of different species depends on the 
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aromatic groups of the protein molecule and Vaughan has found evi- 
dence that the toxicity of the proteins depends on these same groups. 

Fleischmann also finds that tryptic digestion destroys this charac- 
teristic species specificity. 

We tested a large number of guinea-pigs to determine this point 
but found that, so far as the toxicity of horse serum is concerned at 
the second injection, it was not appreciably modified by iodin. 

A few experiments were made to determine the relation of meta- 
hemoglobin-producing substances, such as nitrates, on the symptoms. 
Sensitive guinea-pigs were given subcutancously an injection of sodium 
nitrite. In thirty minutes the exposed mucous membranes appeared 
distinctly blue; they were then tested for their susceptibility to horse 
serum and found to react in the usual way. Controls showed that the 
quantity of nitrite used was not sufficient in itself to kill the guinea- 
pigs. 

Besredka reported some interesting observations concerning the 
prevention of anaphylaxis by ether narcosis. He stated that if sen- 
sitive guinea-pigs were etherized to the stage of complete relaxation 
and while in this state injected intracerebrally with normal horse 
serum, and the administration of ether continued a short time, the 
animal continued to sleep after the injection and at the end of about 
a half an hour awoke without presenting the least symptoms of an- 
aphylaxis. If the guinea-pig were tested on the following day it 
would be found to be immune. 

Of eight guinea-pigs on which we tried this experiment with ether, 
seven died from the effects of the second injection of horse serum. It 
is our belief that the guinea-pig which recovered had masked symp- 
toms while under the influence of the ether and probably would not 
have died in any ease, for we have a certain number of recoveries from 
the intracerebral injections of 0.2 ¢.c. of horse serum. It is true, how- 
ever, that the narcosis masks the symptoms. The difference in our 
results may be accounted for either by the difference in toxicity of 
the French and the American serums, or, more likely, by the difference 
in susceptibility of the animals used. 

Normal horse serum may be heated to 90 degrees C. for one hour 
and still remain slightly toxie when injected into a sensitized guinea- 
pig. Its toxicity, however, is evidently markedly affected. Heating 
to 70 degrees C. for one hour does not seem to diminish appreciably 
its poisonous properties, but it appears to be affected at 80 degrees C. 


for one hour. At 100 degrees C. for one hour the toxicity apparently 


disappears. 
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It appears that there is a slight difference between the sensitizing 
and toxic principles in horse serum so far as the resistance to heat is 
concerned. Serum heated to 100 degrees C. for one hour retains some 
power of sensitization, but seems to lose its toxicity when given at the 
second injection. This difference may be more apparent than real, 
for exceedingly minute amounts are sufficient to sensitize guinea 
pigs, while a very large quantity of weakened serum would be neces- 
sary to produce symptoms. It must be remembered that in our ex- 
periments 20 c.c. of the dilution represents but 5 ¢.c. of serum. 

These facts must be kept in mind when drawing conclusions from 
work on split proteins, fractional precipitation, or other methods to 
isolate the sensitizing substance in pure form. A very minute amount 
of the original protein substance in horse serum clinging to the globu 
lin, or other substances modified by chemical methods, might be suf 
ficient to sensitize guinea-pigs, whereas it would require verv large 


amounts of such a modified protein to poison a sensitive animal. 


THE SPECIFIC NATURE OF ANAPHYLAXIS 

From our first studies upon hypersusceptibility we were interested 
in the question whether this reaction was specific. 

In our first work on this subject we showed that this reaction was 
quantitatively specific for serums. That is, guinea-pigs sensitized 
with horse serum are subsequently very susceptible to a second injec- 
tion of horse serum, but only slightly if at all susceptible to a second 
injection of the serum of other animals, such as rabbit, cat, dog, hog, 
sheep, chicken, or man. Conversely, guinea-pigs sensitized with the 
serum of these other animals are not very sensitive to a second injec- 
tion of horse serum, whereas they respond actively to a subsequent 
injection of the same kind of serum as that used for the first injection. 

We have further shown that the specific nature of this phenomenon 
is more marked when protein substances of widely different nature are 
used at the first and second injections. Thus, a guinea-pig sensitized 
with horse serum does not react at all to a subsequent injection of 
egg-white, vegetable protein, or milk. A guinea-pig sensitized with 
milk does not react to the other protein substances mentioned, ete. 

We have succeeded in demonstrating more clearly the specific char- 
acter of the phenomenon we are studying by proving that guinea-pigs 
may be in a condition of anaphylaxis to three protein substances at 
the same time. For instance, a guinea-pig may be sensitized with egg 
white, milk, and horse serum, and may subsequently react to a second 


injection of each of these substances within a brief period of time. Thi 
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guinea-pig may be sensitized by injecting these strange proteins either 
at the same time or at different times, in the same place or in dif- 
ferent places, or by injecting them separately or mixed. The guinea- 
pig differentiates each anaphylactic-producing protein in a_perfectl) 
distinct and separate manner. The animal is susceptible to the sec- 
ond injeetion of each one of the three substances in the same sense 
that it is susceptible to three separate diseases. These distinct reactions, 
in so brief a time, seem to accentuate the specific nature of the phe- 
nomenon we are studying. It also adds weight to our belief that pro- 
found chemical changes, probably in the central nervous system, rather 
than morphologic alterations explain the essential features of the re- 
action. 

Further evidence on the specific nature of the phenomenon will 
be found in the discussion of anaphylactin. 


ANAPHYLACTIN 

Gay and Southard first discovered the interesting fact that if the 
blood of a guinea-pig which has received a small sensitizing dose of 
normal horse serum be drawn, the serum collected, and 1.5 c.c. of 
this be given to a normal guinea-pig, the animal is rendered suscepti- 
ble to a subsequent injection of horse serum fifteen days later. 

Oito then showed that the animals react if tested within twenty- 
four hours. 

Gay and Southard applied the name “anaphylactin” to this sub- 
stance in the blood of sensitized guinea-pigs. They considered this 
substance a portion or “rest” of horse serum. 

The sensitizing substance or anaphylactin (called sensibilisinogéne 
by Besredka) is present in the blood serum of a sensitive animal. We 
have limited the word anaphylactin to indicate that substance in the 
blood serum of a sensitive animal which, when transferred into a nor- 
mal animal, is capable of sensitizing it within forty-eight hours. It 
must be present in an exceedingly minute amount, for we have shown 
that the blood of guinea-pigs receiving only 0.002 ¢.c of serum con- 
tains this substance several months later, and 1.5 of the serum of such 
animal, when injected into a normal animal, renders it sensitive to a 
subsequent injection of horse serum twenty-four hours later. 

It is of some interest to determine just when anaphylactin appears 
in the blood of a sensitized guinea-pig, particularly whether its pres- 
ence may be demonstrated during the period of incubation. We found 
no indication of this substance in the blood of sensitized guinea-pigs 
until the ninth or tenth day, i. e., just about the time necessary to ren- 


der guinea-pigs sensitive. 
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We have found that anaphylactin is present in the blood serum 
of immune guinea-pigs. This fact is of importance in the considera- 
tion of the mechanism of anaphylaxis. From this we may argue that 
a true condition of immunity exists, for the sensitizing substance is 
certainly present in the flowing bleed, but the organism as a whole 
or its susceptible cells are protected by a neutralizing antibody. 

We have referred above to the fact that guinea-pigs may be in a 
condition of anaphylaxis to three protein substances at the same time. 
We later found that the substance in the blood serum of sensitized 
guinea-pigs known as anaphvlactin is also specific in the same sense. 
By transfusing the blood serum of guinea-pigs sensitized to horse 
serum, egg-white, and milk, three separate and distinct reactions were 
obtained in the guinea-pig into which this serum was transferred. 


LESIONS 


Gay and Southard, 1907, found lesions in guinea-pigs dying from 
a second injection of serum, and in those which had severe symptoms 
and were later chloroformed, which they interpreted as explaining the 
mechanism of anaphylaxis. They state that, “the study of the histo- 
pathology of this serum disease shows us that we have to deal with 
an intimate cell reaction, demonstrable by definite cell lesions.” These 
investigators state that considerable hemorrhages, rather definitely lo- 
calized, are the characteristic gross lesions. The hemorrhages may be 
in one or several organs, gastric hemorrhages being especially frequent. 
Microscopically, there are, in addition to the naked-eve hemorrhages, 
minute interstitial and oozing hemorrhages. They also found fatty 
changes in voluntary muscle fiber, heart muscle fiber, and in nerve fiber. 

That the congestion and dilatation of the blood vessels found in the 


abdominal cavity and the hemorrhages on the mucosa of the stomac! 


are not characteristic of death due to anaphylaxis is evident from thy 
fact that we have found that in violent death produced by large sub- 
cutaneous injections of chloral eyanhydrin or hydrocyanic acid there 
are somewhat similar congestions and hemorrhages. Further, we have 
lately had the opportunity to examine a guinea-pig whose death was 
caused by suffocation in an atmosphere of carbon dioxid. In_ the 
stomach and lungs of this guinea-pig lesions were found that, so far 
as the congestion and hemorrhages are concerned, were similar to those 
described in guinea-pigs dying from a second injection of horse serum. 

We were especially struck by the fact that macroscopic conges- 
tions and hemorrhages were frequently absent in guinea-pigs poisoned 


by a second injection of horse serum given into the brain. 
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Finally, this congestion and dilatation of the vessels of the ab- 
dominal cavity is well known to occur in shock and other states. 

We were unable to confirm Gay and Southard’s findings in regard 
to the changes. 

It is noticeable that one of the conspicuous lesions of the serum 
disease and other reactions to foreign proteins consists of an angio- 
neurotic edema. In serum anaphylaxis as seen in the guinea-pig the 
irritation of the skin and mucous membranes of the mouth may be 
of the nature of an angioneurotic edema. One might imagine a 
localized edema of this character in the ganglia about the respiratory 


centers to account for the serious symptoms or death. 


FEEDING EXPERIMENTS 

Guinea-pigs may be sensitized by feeding them meat or serum. 

We found that guinea-pigs could be sensitized by feeding them for 
some days on horse meat, or dried horse serum, mixed with their food. 
We did not use a stomach-tube, as the possibility of making slight 
wounds in the esophageal or gastric mucosa would vitiate the feeding 
experiments, as we know from our previous work that very small 
quantities could readily sensitize the animal to a subsequent injection 
of serum. 

The guinea-pigs that had been fed with horse meat or horse serum, 
after an interval of at least four days, were injected with horse serum 
and reacted in a characteristic manner. 

We also found that guinea-pigs could be sensitized to cattle serum 
by feeding them with beef. Cooking the meat entirely destroyed its 
sensitizing properties. 

The fact that guinea-pigs may be rendered susceptible by the 
feeding of strange protein matter opens an interesting question as 
to whether sensitive guinea-pigs may also be poisoned by feeding with 
the same serum given after a proper interval of time. If man can 
be sensitized in a similar way by the eating of certain protein sub- 
stances, may not this throw light on those interesting and obscure 
cases in which the eating of fish, sea food, and other articles of diet 
habitually cause sudden and sometimes serious symptoms ? 


MATERNAL TRANSMISSION 


In the course of our work we had the opportunity to test the sus- 


ceptibility of the voung of susceptible guinea-pigs and we found thai 


hypersusceptibility to the toxie action of horse serum is transmitted from 
the mother guinea-pig to her young. This function is solely maternal ; 
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the male takes no part whatever in the transmission of these acquired 
properties. Whether this maternal transmission is hereditary or con- 
genital can not be definitely stated. 

We were able to exclude the milk as a factor in transmitting the 
hypersusceptibility to the toxic action of horse serum by a series of 
“exchange” experiments. Exchange experiments consist in at once 
placing guinea-pigs born of a susceptible mother to nurse with an 
untreated female while, in exchange, the young of the untreated fe- 
male are placed to nurse with the susceptible female. From these 
exchange experiments we learn that the hypersusceptibility is not trans- 
mitted to the young in the milk. 

We also learned from our experiments that hypersusceptibility may 
be transmitted from mother to young, whether the mother is sensi- 
tized before or after conception. 

If an anaphylactic tendency be transmitted from mother to young 
in man it may explain the severe reaction and death that occasionally 
take place following a first injection of serum. 

These results on the hereditary transmission of the susceptibility 
to the poisonous action of horse serum in guinea-pigs may throw light 
on the well-known inherited tendency to tuberculosis in children born 
of a tuberculous parent. 

There are certain analogies between the action of tuberculosis and 
horse serum. Both produce liypersensitiveness and also a certain de- 
gree of immunity. Now that we have proved that this hypersensitive- 
ness or anaphylactic action in the case of horse serum may be trans- 
mitted hereditarily in guinea-pigs, may it not throw light upon the 
fact that tuberculosis “runs in families’? While there are several 
recorded instances demonstrating that immunity to certain infectious 
diseases may be transmitted from a mother to her young, this is, so 
far as we know, the fir-i recorded instance in which hypersensitive- 
ness, or a tendency to a disease, has been experimentally shown to be 
transmitted from a mother to her young. 


IMMUNITY TO ANAPHYLAXIS 
We showed in our first publication on the subject of anaphylaxis 
that guinea-pigs may be actively immunized against this phenomenon. 
At the same time we demonstrated that the immunity could not be 
transferred passively to other animals in the blood or body juices. 
Guinea-pigs may be actively immunized in several wavs: (1) by 


repeated injections of serum during the period of incubation, i. e., 
during the first ten days, before the animal reaches the state of hyper- 
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susceptibility; (2) animals that recover from a second injection given 
during the anaphylactic stage are at once immune. 

The fact that guinea-pigs can not be immunized passively by the 
transfer of blood or body juices would make it appear that the “im- 
mune bedy,” if such exists against the toxic action of horse serum, 
is not free in the blood or body juices as is the case in diphtheria. In 
fact, it has been questioned whether the active immunity which we 
have described is an instance of true immunity, or a “refractory” con- 
dition, or even an actual return to the normal. 

Subsequent researches have strengthened our belief that we are 
dealing with a true condition of immunity and not a prolongation of 
the period of incubation or a return to the normal. Thus, it has been 
shown that guinea-pigs in the “refractory” conditien still contain 
anaphvlactin in their blood. It is at once evident that they have not 
returned to their normal condition. Further, we have demonstrated 
that such “refractorv” female guinea-pigs will transmit this anaphy- 
lactic substance to their young. Only the sensitizing substance passes 
inte the blood of the fetus, which is therefore in a condition of hyper- 
sensibility. The “immunizing substance” or “eondition” is not 
transmitted, 

It seems to us that we have here a striking analogy to that phase 
or kind of immunity which von Pirquet describes as “allergie.” In 
other words, we have an acquired immunity associated with anaphy- 
laxis. In guinea-pigs this immunity may follow one attack of the 
disease, i. e., the serum reaction. As stated by von Pirquet, “allergie” 
manifests itself by an immediate reaction and corresponds to the con- 
dition of immunity conferred by an attack of smallpox or some of the 
other acute infectious processes. 

In the case of syphilis we have a striking instance in which the 
virus is not autoinoculable. In the serum reaction in the guinea-pig 
an analogous train of events occurs, for after the sensitized guinea- 
pig has responded the reaction renders the organism immune. 


ACTION OF HORSE SERUM ON MAN AND OTHER ANIMALS 
It may be that man can not be sensitized in the same way that, 
as we have shown, guinea-pigs can. We made no human experiments, 
but experimental data are recorded by others which have a direct bear- 
ing on this question. 
Repeated injections of horse serum ‘nto man is not an infrequent 
occurrence. Patients suffering from diphtheria are often given in- 


jections of antitoxic serum at short and frequent intervals. It is also 


on 
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not rare for persons to have several attacks of diphtheria at long inter- 
vals and to be treated each time with antidiphtheria serum. 

Certain serums, for example the antitubercle serum of Maragliano 
or the antirheumatic serum of Menzer, are habitually used by injee- 
tions at intervals of days or weeks. 

In all these cases of frequent or repeated injections the amount 
which has been injected and the interval between the injections must 
be taken into account in relation to this work. Von Pirquet and 
Schick, in their work on Serumkrankheit, give eight instances in which 
children received two injections of horse serum at intervals of sixteen 
to forty-two days between the first and the second injections. All 
these eight cases show this in common, that after the first injection 
of horse serum the symptoms of the serum disease appear after the 
normal period of incubation, i. e., between the eighth and the thirteenth 
day. But when the individuals are again injected with horse serum 
after intervals of sixteen to forty-two days symptoms of the serum 
disease reappear at once or at least within twenty-four hours. 

Von Pirquet and Schick give a list of 60 children who were in 
jected with antitoxic horse serum at intervals of six days to seven and 
a half vears between the first and the second injections. They found 
that when the second injection was given from fourteen days to four 
months after the first injection they obtained, with great regularity. 
what they termed the “immediate reaction”: but when the interval 
between the first and second injections is over four months they 
obtained little or no immediate reaction but what they termed “an 
accelerated reaction,” for the fever, urticaria and other symptoms of 
the disease appeared on the fifth, sixth, seventh, or eighth day. It will 
be remembered that the normal period of incubation for the symptoms 
of the serum disease to appear after the first injection is between the 
eighth and the thirteenth day. Von Pirquet and Schick lay special 
stress on the phenomenon of the “immediate” and the “accelerated” 
reactions following the second injection. 

We might also conclude, despite the suggestion in our work on 
sensitizing guinea-pigs by feeding them with horse serum or horse 
meat, that children are not sensitized to the toxic action in horse serum 
by eating horse meat, from the fact that horse meat is a favorite article 
of diet in certain European countries, and that there is nothing on 
record to show that the injection of horse serum in those countries is 
fraught with more danger than where this practice does not obtain. 
We must, however, remember that our work has shown that guinea-pigs 
are sensitized with exceedingly minute quantities of the strange 
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protein, and that repeated injections cause an immunity; and it is 
possible that the same may be true of feeding. Further, we have 
shown that cooking destroys the sensitizing property of meat. 

Man reacts to the first injection of horse serum after a period of 
incubation of eight to thirteen days. Guinea-pigs show practically no 
reaction following the first injection. Both react to a second injection. 
The reactions in man and the guinea-pig, however, differ both in severity 
and in kind. The relation, therefore, that our observations on the 
guinea-pig may have in its application to man must await further 
study. Of course, the fact that other animals beside man and guinea- 
pigs react to a second injection of horse serum would seem to indicate 
that we are dealing with one and the same reaction. 

It has been shown that rabbits react after repeated injections, 
which has also been noted in the use of repeated injections of the 


serum In man. 


THE RELATION OF SERUM ANAPHYLAXIS IN THE GUINEA-PIG TO 
SERUM THERAPY 

Besredka and Steinhardt were the first to point out that the second 
injection may be given into the brain of guinea-pigs. When a small 
quantity of horse serum is injected into the brain of a_ sensitized 
guinea-pig the symptoms appear promptly and often with great vio- 
lence, and death is a common result. 

Besredka believes that intracerebral injections may be used as a 
measure of the toxicity of therapeutic serums. He states that, meas- 
ured in this way, different serums show a wide gamut of toxicity, the 
fatal dose varying from '/, to '/,., of a cubic centimeter. He believes 
that this toxicity resides in the serum and not in the cellular elements ; 
further, that the serum of horses living under apparently the same 
conditions has about the same toxicity, individual variations being 
rare and of little importance. He concludes that, in a general way, 
all serums which incite in guinea-pigs grave anaphylactic phenomena 
in doses of 0.0625 to 0.05 c.c. and a priori above this amount should 
he considered toxic. 

We doubt whether there is a relation between the toxicity of seruins 
as tested on guinea-pigs in this way and their power to produce the 
serum disease or collapse or sudden death in man. It appears to us 
that in man the symptoms of the serum disease depend partly on the 
kind of serum and the amount used. The unfortunate accidents, such 
as collapse and sudden death, depend more on the sensitization of the 


individual than on the so-called toxicity of the serum used. 
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Fortunately, we were able to obtain two antidiphtheria serums 
which had been used in two cases followed by sudden death: 

Case 1.—Serum No. 2277. Reported by Dr. S. N. Wiley, Norristown, Pa., 
(Jour. Am. Med. Assn., 1908, i, 137). Mr. E. W., aged 34 years, splendid 
physique, best of health. Prophylactic injection of 1,000 units antidiphtheric 
serum. Site of inoculation four inches above Poupart’s ligament. Within two 
minutes had violent symptoms—anxious expression, itching, burning, labored 
breathing; lips, face and neck swollen and red; paralysis; convulsions. Died 
within five minutes of injection. 

Case 2.—Serum No. 2295. Reported by Dr. H. F. Gillette, Cuba, N. Y., 
(Jour, Am. Med, Assn., 1908, i, 40). Mr. B., 52 years old. Had asthma and 
bronchial catarrh. Urine and heart normal. Rheumatie attack fifteen years 
ago. Coughed and raised plenty of sputum. Injection of 2,000 units antitoxic 
serum under left seapula. Prickling sensation in neck and chest, labored 
breathing, pulse regular and full. Seized with tonie spasm. Died within five 
minutes after injection. 

From our experiments it is plain that the serums which do not 
produce untoward symptoms when injected into man are quite as toxic 
on sensitized guinea-pigs as the serums which have been followed by 
serious symptoms when injected into man. We believe that the dif- 
ference lies in the susceptibility of the individual and not in the 
toxicity of the serum. 

It has interested us very much to find that the above two cases, 
and also others that have come to our notice, were in asthmatics. In 
our first publication we suggested that the essential lesion of serum 


anaphylaxis is probably localized in the respiratory center, and the 


association of asthma and hypersusceptibility to horse serum in man 
would seem to lend weight to this hypothesis. The knowledge of the 
fact that the injection of horse serum into some asthmatics is attended 
with danger must be considered in the use of antitoxin. 


HYPERSUSCEPTIBILITY AND IMMUNITY PRODUCED BY BACTERIAL 
PROTEINS 

We believe that the problem of hypersusceptibility has an important 
bearing on the question of immunity and hence we have expressed the 
opinion that “resistance to disease may largely be gained through a 
process of hyvpersusceptibility. Whether this increased susceptibility 
is an essential element or only one stage in the process of resistance to 
disease must now engage our attention.” We can not escape the con- 
viction that this phenomenon of hypersusceptibility has an important 
bearing on the prevention and cure of certain infectious processes. 
Our work on the hypersusceptibility produced by the bacterial proteins 
strengthens this belief, for our recent results prove that the phenomenon 
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of hypersusceptibility to certain proteid substances extracted from the 
bacterial cell is followed by a definite immunity against infection by 
the corresponding micro-organism. 

Experimental study of the bacterial proteins is of the greatest 
importance on account of the practical uses to which results along this 
line may lead. The relation of these studies to the so-called endotoxins 
is evident. 

Hypersusceptibility may easily be induced in guinea-pigs with pro- 
tein extracts obtained from the bacterial cell. The first injection of 
most of the extracts used by us seems comparatively harmless to the 
animal. A second injection of the same extract shows, however, that 
profound physiologic changes have taken place. A definite period 
must elapse between the first and the second injection. The symptoms 
presented by the guinea-pigs as a result of the second injection resemble 
those caused by horse serum. The phenomenon induced by a second 
injection is followed (in certain cases) by an immunity to the cor- 
responding infection. 

These results strengthen our belief that the phenomenon of hyper- 
susceptibility has a practical significance in the prevention and cure 
of certain infectious processes. It also gives a possible explanation of 
the period of incubation of some of the communicable diseases. Is it 
a coincidence that the period of incubation of a number of infectious 
diseases is about ten to fourteen days, which corresponds significantly 
with the time required to sensitize animals with a strange protein ? 

In certain infectious diseases with short periods of incubation, 
such as pneumonia, the crisis which commonly appears about the 
tenth day may find a somewhat similar explanation. It is evident that 
disease processes produced by soluble toxins, such as diphtheria and 
tetanus, do not belong to the category now under consideration. 

The hypersusceptibility produced by the colon and typhoid bacilli 
was followed by a definite immunity to the corresponding infection. 
In case of anthrax, however, immunity does not follow hypersuscepti- 
bility to the anthrax protein. We are not dealing, therefore, with 
a general law applicable to all infections, but with certain limitations, 
as in the case of antitoxic immunity. 


rHE RELATION OF ANAPILTYLAXIS TO THE TOXEMIAS OF PREGNANCY 


The symptoms of puerperal eclampsia and the conditions under 
which it occurs suggest that anaphylaxis may explain some of the 


mystery of this state. 
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It occurred to us that either the blood or protein substance in solu- 
tion from the fetus or the placenta may first sensitize the mother. A 
subsequent introduction into the svstem of the mother of a similar 
substance may explain the convulsions and the symptoms which occur 
in a certain class of the toxemias of pregnancy. 

There seems to be a fair agreement that the placenta must be the 
source of the toxic material, especially as typical cases of eclampsia 
and pernicious vomiting have been observed in patients with hydatid 
mole in which cases, of course, toxic matter of fetal origin could be 
eliminated. Furthermore, eclampsia may appear after the fetus has 
been removed. Much attention was therefore given to the hypothesis 
elaborated about four years ago by Veit, Weichardt and others that, 
through the entrance of placental cells into the circulation of the 
mother, an intoxication was caused either by disintegration of the cells 
and the formation of toxic substances or in the development of anti- 
substances by the maternal organism. 

In spite of much experimentation and discussion, however, no satis- 
factory conclusions have vet been reached concerning the validity of 
this hypothesis and Martin has secured some very valuable evidence 
that, at least in rabbits, entrance of their own placental elements into 
the circulation in large amounts does not cause any serious disturbance. 

Along these lines we made a number of experiments to determine 
whether the fetal blood of the guinea-pig could sensitize the mother 
guinea-pig. We injected a number of female guinea-pigs, both preg- 
nant and not pregnant, with fetal blood and, after an appropriate 
interval, gave them a second injection of the same material. All these 
experiments resulted negatively, which was anticipated from our pre- 
vious studies upon the effect of homologous blood serums. This is in 
harmony with the clinical observations that the poisons causing the 
toxemias of pregnancy do not come from the fetus. 

We made a series of experiments on female guinea-pigs with guinea- 
pig placental extracts. The placenta (almost at full term) was ground 
up and allowed to autolyze about an hour at room temperature and 
some of the resulting extract was injected subcutaneously into female 
guinea-pigs. 

From cur studies it was evident that the mother guinea-pig may 
be sensitized with the autolytic products of her own placenta. These 
experiments naturally suggest that there may be a certain relation 
hetween some cases of puerperal eclampsia and the phenomenon in the 
guinea-pig which we are studying. Further studies along this line are 


now being made. 


: 
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AN EXPLANATION OF THE PERIOD OF INCUBATION OF CERTAIN 
INFECTIONS 

The only plausible explanation of the period of incubation of an 
infectious disease heretofore considered has been that it required a 
certain time for the infective principle to grow in sufficient amount in 
the body to produce symptoms. This view is not tenable in many 
cases. The period of incubation in many cases is independent of the 
amount of infection. 

In view of the studies on anaphylaxis we now have a more likely 
explanation of the period of incubation in certain cases. If the body 
is sensitized by the foreign protein dissolved out of the infecting organ- 
ism it would require a certain definite time before the poisonous 
effects are felt. This not only explains why a certain time must elapse 
between the introduction of the infection and the onset of the disease, 
but gives us our first clew to the constancy of the period of incubation 
of certain maladies. 

ANTIBODIES 

We showed in our first publication in 1906 that the mechanism of 
anaphylaxis did not depend on an antibody free in the blood serum 
and body juices, as is the case in diphtheria and tetanus. In other 
words, this phenomenon is not simply a neutralization of a soluble 
poison by a soluble antipoison. There are antibodies other than free 
receptors which are readily demonstrable in vitro and in vivo. The 
definition of an antibody still lacks precision, and the action of these 
substances is not clearly understood. In this state of our knowledge it 
would be dogmatic to insist that the phenomenon of hypersusceptibility 
depends on the action of an antibody. The indications, however, seem 
to be that we are dealing with such an agent. 

The anaphylactin readily demonstrable in the blood of a guinea-pig 
many months after the introduction of a minute fraction of a cubic 
centimeter of horse serum subcutaneously, can hardly be a portion or 
“rest” of the original minute amount of foreign protein injected. It 
seems probable that the introduction of the foreign protein stimulates 
or calls forth the production of anaphylactin, which flows free in the 
blood serum in relatively considerable amounts. There is evidence 
to indieate that anaphylactin is present in the blood serum in amounts 
greater than the amount of foreign protein originally introduced into 
the body. 

We have shown that anaphylactin is present in the blood serum 
of immune guinea-pigs. This observation is very significant in this 


connection, for it indicates that the cells are protected despite the fact 
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that they are continually bathed with the serum containing the sensi- 
tizing principle. The readiest explanation of this form of cellular 
immunity is the conception of a neutralizing antibody. 

The further fact that hypersusceptibility, and not immunity to 
anaphylaxis, is transmitted from mother to young is another indication 
that we are dealing with an antibody. 

Vaughan, Lewis, Nicolle, Besredka and most others—except Gay 
and Southard—who have studied this phase of the question consider 
an antibody necessary to explain the intimate nature of the phe- 


nomenon. 


RELATION OF ANAPHYLAXIS TO PROTEIN METABOLISM 


It is interesting to note that Ehrlich’s explanation of antitoxic 
immunity was based on a chemical conception of protein metabolism. 
Ehrlich’s haptophore side-chains that seize the toxin molecule have the 
same or simila, affinities as those that seize and combine with the 
protein food molecule. 

Another great conception of immunity, developed by Metchnikoff, 
is also clearly associated with protein metabolism or cellular digestion. 

We now have another conception of immunity in certain infections 
based on the action caused by the introduction of a foreign protein into 
the body. This view is also closely bound up with the subject of pro- 
tein metabolism. It can not but excite our wonder that the chemistry 
of the body should be so delicately balanced that the introduction of 
1/10,000,000 part of a gram of foreign protein should be able so pro- 


foundly to influence it as to result in serious symptoms when injected 


a second time. 

The whole problem of protein metabolism seems to be an adjust- 
ment in the sense of a defense. The power to assimilate and use 
foreign proteins is not achieved without a certain amount of violence 
to the body. The relation between the fundamental facts of protein 
metabolism and the immunity to certain diseases becomes clearer in 
the light of observations upon anaphylaxis. Work on both these prob- 
lems will throw light on the fundamental processes of each other. 

RELATION OF ANAPHYLAXIS TO ENDOTOXINS 

The fact that the great majority of bacteria do not produce soluble 
poisons such as diphtheria and tetanus has led to the belief that in 
such cases we are dealing with an “endotoxin.” The endotoxin has 
long been regarded as a poisonous substance so intimately associated 
with the cell that it is not released until the microbie cell is broken up 
in the body. The inability to demonstrate these endotoxins has cast 
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a doubt om their existence and increased the mystery of their action. 
It now seems probable that the studies on anaphylaxis may throw 
light upon this question. 

When bacteria grow in the body they are dissolved by lytic agencies 
and the foreign protein in the individual germ cells may sensitize the 
body and afterwards poison it. The bacterial proteins may not be 
poisonous in themselves in the sense of an “endotoxin.” We have, in 
fact, shown that protein extracts of bacterial cells at the first injection 
may produce characteristic symptoms, and this reaction may be fol- 


lowed by an immunity to the corresponding infection. 


rHE RELATION OF ANAPHYLAXIS TO TUBERCULOSIS 

The tuberculin reaction is one of the best known instances of ana- 
phylaxis. Following a local infection with the tuberele bacillus the 
tissues generally become hypersusceptible to tuberculin. We have 
shown that a local hypersusceptibility may be produced by the direct 
application of tuberculin to certain tissues (conjunctiva). The same 
has been demonstrated for the skin, and is probably true of other 
tissues. This hypersusceptibility of the tissues immediately surround- 
ing a tuberculous focus helps to encapsulate and limit the process. 
Should a tubercle bacillus lodge in or on a tissue in a state of tuber- 
culin anaphylaxis the result is that all of Nature’s protecting agencies 
are quickly concentrated on the point where they are most needed. We 
conceive that this active power of reacting quickly is not only an im- 
portant factor in individual prophylaxis against tuberculosis, but it is 
one of the important agencies which prevent the spread of the disease 
after it has obtained a lodgment in the body. 

The normal individual does not react to tuberculin. The tuber- 
culous individual reacts promptly, except in the final stage of the 
disease. The difference between the normal individual and the in- 
dividual in the final stage of tuberculosis is that the former has not 
had his anaphylactic powers developed while the latter has had them 
developed and exhausted. A tuberculous individual in whom the spe- 
cifie power of hypersuseeptibility to the poisons of the tubercle bacillus 
is broken down presents little or no resistance against the advance of 
the infection. 

We may adduce a practical lesson from this: When tuberculin is 
used in large or too oft-repeated doses there is a tendency to break 


down or to exhaust the useful and beneficial hypersusceptible state of 
the tissues. In accordance with this line of reasoning, therefore, 
tuberculin would be of benefit in tuberculosis only when used in such 
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a way as to develop and not diminish the power of anaphylaxis of the 
tissues. This explanation has been borne out in the use of tuberculin, 

While all of the views expressed here are based on experimental 
data, our interpretations of them may not all stand the test of time. 
It is evident, however, that studies on the subject of anaphylaxis give 
us a broader and deeper insight into some of the difficult and abstruse 
problems connected with both the recurrence of and the resistance to 
disease. The subject has proved a fruitful field for research. It has 
more than an academic interest. There is hope that a final solution 
of the mechanism of anaphylaxis will have a practical application in 


the treatment and prevention of a number of diseased states. 
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